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Description 

FIELD OF THE INVENTION 

5 The present Invention relates to the field of recombinant DNA technology and to means and methods of utilizing 

this technology to synthesize functional proteins or polypeptides useful In biomedical, medical, biochemical applications 
Including diagnostics, prophyiatlcs and therapeutics. 

BACKGROUND OF THE INVENTION 

10 

Radio-iabeiied proteins have numerous medical, bioiogical, clinical, scientific and other applications. Interferons, 
specifically, labelled with ^^si have been used for binding and crosslinking studies (1 , 17,27-32,34-37).'' Human IFN-a's, 
"P, and -gamma have all been radio-iodinated by various procedures (reviewed in Pestka at al (2)). However, proteins 
labelled with radioactive iodine have serious well-known disadvantages and hazards. 

15 The study of cell surface receptors for the interferons requires radio-labelled interferons, such as interferons labelled 

with 125|^ with high biological and high radio-specific activity. Several years ago. It was found that interferon gamma^ 
can be phosphorylated to very high radlo-speclfic activity while retaining biological activity (3, 4). Thus, [32p]Hu- and 
Mu-IFN-gamma were used for studying the human and murine IFN-gamma receptors, respectively (5, 6, 9). These 
studies were carried out by phosphorylating human and murine Interferon gamma (Hu- and Mu-IFN-gamma) with cyclic 

20 AMP-dependent protein kinase from bovine heart muscle and [gamma-32p]ATP (3). These phosphorylated 
and 32p-|abelled Interferons have provided valuable reagents (3, 4) of high radio-specificityto study cell surface receptors 
(5, 6) and to identify the chromosome encoding the gene for Hu-IFN-gamma (7, 8) and Mu-IFN-gamma (9) receptors. 
For all of these studies and applications, interferons which are phosphorylated are most useful. Several reports Identified 
the phosphorylation sites of Hu- and Mu-IFN-gamma as serine residues near the COOH termini (4, 5, 10, 11). 

25 However under conditions used for the phosphorylation of IFN-gamma, it was reported that Hu-IFN-aA and 

Hu-IFN-|i cannot bo phosphorylated by the cyclic AMP (cAMP)-dopendcnt protein kinase (2, 3). A rcviow of the phos- 
phorylation of the various classes or groups of interferons and other proteins (1 , 3, 4, 20, 21 , 22, 38, 39, 40, 64) confirms 
that researchers have not successfully phosphorylated Hu-IFN-a or Hu-IFN-p under conditions under which gamma 
interferons have been phosphorylated. It has been reported Indeed that recombinant IFN-a and IFN-p were not phos- 

30 phorylated (3) and as a consequence It was uncertain whether an available site was present. 

In the light of problems with iodlnated compounds and limitations for use of iodlnated IFN-gamma, It is understand- 
able that there Is a keen Interest and need In making available phosphorylated Hu-IFN-a and -p which can be labelled 
for numerous practical, scientific and commercial applications. 

Likewise, there is such interest and need for other phosphorylated ~ and labelled - polypeptides which are not 

35 available yet in such chemical configurations. For example, a phosphorylatable tumor necrosis factor (TNF) would be 
valuable to study the receptor for TNF. TNF Is not phosphorylatable with the cAMP-dependent bovine heart kinase. 
Indeed, it has been reported that interest in protein phosphorylation has increased enormously over the pastfewyears 
(38, 39). 

The Invention as will be described in detail hereinafter contributes to meeting these and other needs. 
40 By way of further background to the Invention, the term "Interferon" describes a family of animal proteins which 

possess antiviral, antiproliferative and other potentially useful properties. There appear to be three major classes of 
Interferons: leukocyte (or alpha Interferon), fibroblast (or beta Interferon) and Immune (or gamma Interferon) (1, 2). 
Detailed description of Interferons Is found in various publications including In references 1, 2, U.S. Patent Nos. 
4,727,138; 4,734,491; 4,737,462, and many others; various hybrid human leukocyte interferons are described In U.S. 
45 Patent No. 4,414,150 and in reference 46. In general the standard class of human IFN-a's are polypeptides of 165-166 
amino acids (see reference 1 for details of human and non-human interferon-a species); some species have been 
isolated that lack the 10 COOH-termlnal amino acid residues; and some species of IFN-a are glycosylated. The amino 
acid sequences of Hu-IFN-a species and of Hu-IFN-p derived from cDNA or genomic DNA sequences are described 
in (1, Section I). Recombinant DNA-derived Interferons including Hu-IFN-a, and -gamma and corresponding inter- 
so ferons from other animal species are likewise well described (1 , 2), Various modifications of human and murine inter- 
ferons have been reported. New non-natural human and murine Interferons with often markedly changed biological 
properties have been constructed (1 , 24, 45). The terminology "non-natural" is a term of art which refers to recombinant 
DNA interferons obtained by altering the nucleotide sequence o1 coding cDNAs (45). 

1 The scientific publications, patents or other literature ("publications") to which reference is made herein are referenced by numerals and identified further 
55 towards the end of this text. All of these publications are incorporated herein by reference. 

^The abbreviations used have followed standard nomenclature as described in detail in Methods of Enzymology, Interferons, Vol. 119, Parte, Edited by 
Sidney Pestka, Section I, Introduction (Reference 25). In brief, interferon alpha, beta, and gamma are designated IFN-a, IFN-p, and -gamma, respectively. 
The species of origin is designated by a prefix Hu, Mu, Bo, etc. for human, murine, or bovine species, respectively, as Hu-IFN-a, Hu-IFN-|3, or Hu-IFN-gam- 
ma, for example. 
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The term "Hu-IFN-a" as used herein is intended to include all different species of alpha interferons. A large number 
of DNA sequences corresponding to the interferons from various species have been isolated and identified. Likewise 
various IFN-ps and IFN-gamma(s) are disclosed. The invention encompasses all of these members of the family (ref- 
erence 1 , pages 5-14). 

5 The term "native" as used herein refers to the proteins, e.g., interferons, which proteins are naturally produced; 

"synthetic" and "non-natural" refers to proteins produced by synthetic or DNA-recomblnant procedures, either type which 
do not contain a phosphorylatable site (or where the phosphorylatable site is inaccessible, for instance due to the con- 
figuration of the protein), which protein in accordance with the invention is to be phosphorylated 

This invention contemplates and includes all interferons native, natural, modified, or recombinant DNA interferon-lil<e 
10 proteins which are modifiable by introduction of one or more phosphate or analog groups. All of these interferons and 
others known in the art or to be known are within the contemplation of the invention. The present invention is principally 
concerned with various modified proteins or polypeptides, and alpha and beta interferons. 

When reference is made to IFN-alpha, the term is intended to cover and include the various alpha species. 
The term "modified" is used in this invention broadly, and means for instance, when reference is made to proteins, 
15 a protein which has been provided with a phosphorylatable site or provided with a phosphorus label (or analog label). 
The nucleotide sequences which code for such amino acid sequences which contain a putative phosphorylation site 
are also designated as "modified", when appropriate. 

The term "unphosphorylatable" protein means a protein which normally has not been phosphorylatable (or phos- 
phorylated) for whatever reason, e.g., either because It does not contain a putative phosphorylatable site and corre- 
20 spondingly, the DNA sequence which codes for the protein does not contain the DNA sequence coding for the putative 
amino acid recognition sequence; or because such site is not accessible for phosphorylation. 

The term "provided with" or "having provision(s) for" or like terminology is used in this invention broadly, and means 
both "fused" and "inserted". Illustrative are the hybrid-fused Hu-IFN-aA/gamma (illustrated in FIG. 1)and Hu-IFN-aA-P1 , 
-P2 and -P3 (illustrated in FIG. 8), respectively Thus, the nucleotide insert can be within the coding region of the gene 
25 at one end thereof or anywhere within the coding region. These variants are all considered to be within the term "mod- 
ified," which can refer to the amino acid sequence or to the nucleotide sequences, as will become apparent from the 
description hereinafter. 

The term "comprises" or "comprising" covers and Includes all situations regardless where the amino acid recognition 
sequence (or the nucleotide sequence coding for It) Is located. 
30 By way of further background In the method of the Invention, phosphorylation is carried out by means of a protein 

kinase. Protein kinases catalyze the transfer of the gamma phosphoryl group of ATP to an acceptor protein substrate. 
However, as described herein the invention is not limited to kinases for which the acceptor site is a particular amino acid 
(like serine) but includes also those for which the site is another amino acid in the sequence, and in general includes 
protein kinases as a whole. 

3S The term "protein" (or polypeptide) as used herein is intended to include glycoproteins (as well as proteins having 

other additions). A case in point is that of natural Hu-IFN-P which has been shown to be a glycoprotein; when produced 
in E. coli by recombinant DNA techniques, Hu-IFN-P is not glycosylated. Glycosylated interferons have been reported 
to be obtained by expressing the proteins in animal cells or in yeast (as is discussed in reference 1 at pps. 383-433 and 
453-464; and in references 48-55, 84-92), 

40 The term "biological activities" or like terms as used herein in conjunction with proteins Is intended to be interpreted 

broadly. In the case of the interferon-like proteins, it includes all known (or to be discovered) properties Including prop- 
erties specific to Hu-IFN-a's or to Hu-IFN-p or common to both, such as their antiviral activity and their capability to 
modulate antigens of the major histocompatibility complex (MHO), in particular to induce an increase in surface expres- 
sion of class I MHO antigens, including p,-macroglobulin. 

45 "Functional" proteins are proteins which have a biological or other activity or use. 

The term "active areas" or "biologically active" areas or segments or equivalent terminology often refers to the 
presence of a particular conformation or folding of the protein molecule, or for instance, to specific disulfide bridges 
between specific amino acids in the sequence, but of course is not limited thereto. 

The term "vector" as used herein means a plasmid, a phage DNA, or other DNA sequence that (1 ) is able to replicate 

50 in a host cell, (2) is able to transform a host cell, and (3) contains a marker suitable for identifying transformed cells. 

Throughout the description of the invention and the claims, and following convention, the "singular" includes the 
"plural"; for instance, a phosphorylatable or phosphorylation site, means at least one such site, unless Indicated other- 
wise. 

Other terminology used herein will become apparent from the description which follows. 

55 

BRIEF DESCRIPTION OF THE PRIOR ART 

Background references for the subject invention are referred to within the body and towards the end of the text. 
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As representative of United States patents which relate to interferon, the following may be mentioned: 

U.S. Patent No. 4,503,035 to Pestka at al relates to human leukocyte interferon as a homogeneous protein species, 

such as species aj, ag, and , and others. For a discussion of terminology of natural and recombinant interferons see 

references 1 (pps. 3-23), 24, 102, and 103 (footnote p. 112 and text); 
5 It is noteworthy that the above reviewed patent literature does not address or disclose human intetferons which 

have phosphorylated groups (or isotopes thereof). 

SUMMARY AND GENERAL CONCEPTS OF THE INVENTION 

10 In a broad sense, the invention contemplates labellable and labelled proteins, e.g. radio-labellable and radio-labelled 

proteins, and DNA and cDNA molecules encoding the radio-labellable proteins. 

The invention encompasses recombinant DNA sequences which encode functional proteins having one or more 
putative phosphorylation sites; expression vectors for expressing the functional protein; transformed host, methods of 
expressing the modified proteins and the modified proteins. 

'5 In one embodiment, the invention provides radioactive-labelled human interferons and labelled proteins; phospho- 

rylatable modified Hu-IFN-a (Hu-IFN-aA-P) which can be phosphorylated to high radio-specific activity with retention of 
biological activity; other human interferons modified with various isotopes of phosphorus (e.g., ^^P, 33p), or with sulfur 
(e.g., 35s, 38s); labelled proteins with phosphorus or analogs. In accordance with the invention, the human interferons 
and modified proteins may have single or multiple radioactive labels. 

20 The invention also provides such interferons and proteins made by recombinant DNA techniques, including the 

Hu-IFN-aA-P human interferons radio-labelled with phosphorus or with sulfur, and recombinant DNA-produced radio-la- 
belled polypeptides and proteins. 

The invention further provides DNA sequences encoding afunctional protein which possesses one or more labelling 
sites and is sufficiently duplicative of human interferons for the protein sequences to possess at least one of the biological 

25 properties of interferons (like antiviral, cell growth inhibiting, and Immunomodulatory properties). Further, there is pro- 
vided a rccombinant-DNA containing a coding sequence for a putative recognition site for a kinase; the recombinant 
expression vector; the host organisms transformed with the expression vector that includes the DNA sequence and an 
expressed modified protein. In the invention, there is used a method involving site-specific mutagenesis for constructing 
the appropriate expression vector, a host transformed with the vector and expressing the modified proteins, in particular 

30 the modified human interferons. 

The invention provides in one of its several embodiments DNA sequences which encode one or more putative 
phosphorylation sites, which sequences encode functional proteins each of which possesses at least one putative phos- 
phorylation site and each of which possesses at least one of the biological properties of Hu-IFN-a or -P; also expression 
vectors for expression of the functional modified Hu-IFN-a or -p under the control of a suitable promoter such as the 

3S lambda P^, promoter or others described hereinafter; also the biologically active phosphorylated Hu-IFN-a and -p. 

Several interesting and useful applications of these modified human interferons and proteins are also disclosed by 
the description. 

The invention also contemplates interferons or proteins other than the Hu-I FN-a or -p, which are modified by addition 
of phosphorylation sites which allow for and are labelled to higher radio-specific activities than the corresponding inter- 
ne ferons with a single phosphorylation site. By "addition" of phosphorylation sites, there is also intended In accordance 
with the invention, to include interferons or proteins in which a phosphorylation site heretofore unavailable or inacces- 
sible, has been modified to make the phosphorylation site available. 

The invention further contemplates interferons, especially Hu-IFN-a, phosphorylated by appropriate kinases on 
amino acid residues other than on the serine residue, like on threonine and/or tyrosine residues, and the DNA sequences 
4S which code for one or more putative phosphorylation sites, which sequences code for these interferons. 

In accordance with the invention, it is sufficient that a portion of the phosphorylation recognition sequence, as op- 
posed to the entire sequence, be added when the natural protein sequence contains the remaining (or other comple- 
mentary) amino acids of said recognition sequence (e g,, Arg-Arg-Ala-Ser). In such embodiment of the invention, from 
1 through 4 amino acids of the sequence (in the case of Arg-Arg-Ala-Ser-Val) can be supplied to the protein, thereby 
so constituting the complete, necessary and Ser-containing recognition sequence. An illustration can be observed in a 
comparison between species Hu-IFN-aA-PI and -P2 (in FIG. 8), wherein the natural interferon sequence contributes 
one Arg to the phosphorylation recognition sequence in Hu-IFN-aA-P2 when constructed in accordance with the inven- 
tion. 

In Hu-IFN-aA-P3, a coding sequence (and thus an additional amino acid sequence) has been supplied with the 
55 nucleotide sequence coding for the recognition sequence positioned downstream of the natural sequence coding for 
Hu-IFN-aA. Thus, Hu-IFN-aA-P3 is an illustration where an additional amino acid sequence is positioned between the 
recognition sequence and the natural amino acid sequence of Hu-IFN-aA. 

This illustrates the versatility of the invention for positioning the nucleotide sequence which encodes the amino acid 



4 



EP 0 372 707 B1 



recognition sequence containing a putative pliospliorylation site. 

Thus, in accordance with the invention, there is constructed a nucleotide sequence that codes for the necessary 
number and specific amino acids required for creating the putative phosphorylation site. 

From the above observation, the same principles are applicable to construct any amino acid sequences other than 

5 the particular amino acid recognition sequence illustrated above. 

In the situations where the phosphorylation site Is other than serine (as Illustrated above), the DNA sequence codes 
for part or all of the appropriate amino acid sequence containing the putative recognition site containing threonine, 
tyrosine, etc. Thus, where in any particular protein one or more amino acids (at any position of the amino acid sequence) 
are the same as that of an amino acid recognition sequence for a kinase, it is sufficient to add (or modify) those com- 

10 plementary amino acids of the amino acid recognition sequence to complete that sequence. This is accomplished by 
constructing a DNA sequence which codes for the desired amino acid sequence. There may indeed be situations where 
such addition (or modification) is a more desirable procedure as where it is important to retain the integrity of the protein 
molecule to be modified (for instance, to minimize risl^s of affecting a particular activity e.g., biological), or for simplicity 
of the genetic manipulations, or because either or both termini or other positions are more accessible. 

'5 The kinase recognition sequence may be positioned at either termini or other position of the DNA coding sequence. 

Irrespective of the specific phosphorylated amino acid. 

In accordance with the Invention, phosphorylation of the phosphorylatable site of the protein can be performed by 
any suitable phosphorylation means. Phosphorylation and dephosphorylatlon of proteins catalyzed by protein kinases 
and protein phosphatases Is known to affect a vast array of proteins (21 ). A large number of protein kinases have been 

20 described (20, 21 , 22, 38, 39, 47, 64, 100, 101, 108-1 12) and are available to one skilled In the art for use In the Invention. 
Such protein kinases may be divided into two major groups: those that catalyze the phosphorylation of serine and/or 
threonine residues in proteins and peptides and those that cataiyze the phosphorylation of tyrosine residues (see 21 , 
22, 38, 64, 108, for example). These two major categories can be subdivided into additional groups. For example, the 
serine/threonine protein kinases can be subdivided into cyclic AMP (CAMP)-dependent protein kinases, cyclic GMP 

25 (cGMP)-dependent kinases, and cyclic nucleotide-independent protein kinases. The recognition sites for many of the 
protein kinases have boon deduced (21, 22, 38, 64, 111 present illustrative examples). 

In short synthetic peptides CAMP-dependent protein kinase recognize the sequence Arg-Arg-Xxx-Ser-Xxx, where 
Xxx represents an amino acid (21). As noted above, the CAMP-dependent protein kinase recognizes the amino acid 
sequence Arg-Arg-Xxx-Ser-Xxx (21), but also can recognize some other specific sequences such as 

30 Arg-Thr-Lys-Arg-Ser-Gly-Ser-Val (111). Many other protein serine/threonine kinases have been reported (21 , 1 00, 101, 
108-112) such as glycogen synthase kinase, phosphorylase kinase, casein kinases I and II, pyruvate dehydrogenase 
kinase, protein kinase C, and myosin light chain kinase. 

Protein kinases which phosphorylate and exhibit specificity for tyrosine (rather than for serine, threonine, or hydrox- 
yproline) in peptide substrates are the protein tyrosine kinases (PTK). Such PTKs are described in the literature (22, 

35 64). The PTKs are another class of kinases available for use in the invention. 

Another available class of kinases are the cyclic GMP-dependent (cGMP-dependent) protein kinases. The 
cGMP-dependent protein kinases exhibit substrate specificity similar to, but not identical to the specificity exhibited by 
CAMP-dependent protein kinases. The peptide Arg-Lys-Arg-Ser-Arg-Lys-Glu was phosphorylated at serine by the 
cGMP-dependent protein kinase better than by the cAMP-dependent protein kinase (21, 22, 113). It has also been 

40 shown that the cAMP-dependent protein kinase can phosphorylate hydroxyprollne in the synthetic peptide 
Leu-Arg-Arg-Ala -Hyp -Leu-Glv (114). 

Casein kinases, widely distributed among eukatyotic organisms and preferentially utilizing acidic proteins such as 
casein as substrates, have been classified Into two groups, casein kinases I and II (21). Casein kinase II phosphorylated 
the synthetic peptide Ser-Glu-Glu-Glu-Glu-Glu (115), Evaluation of results with synthetic peptides and natural protein 

45 substrates revealed that a relatively short sequence of amino acids surrounding the phosphate acceptor site provides 
the basis for the specificity of casein kinase II (118). Accordingly, the acidic residues at positions 3 and 5 to the car- 
boxyl-terminal side of the serine seem to be the most important. Serine was preferentially phosphorylated compared to 
threonine. In another study (117), the peptide Arg-Arg-Arg-Glu-Glu-Glu-Thr-Glu-Glu-Glu was found to be a specific sub- 
strate for casein kinase II; however, Arg-Arg-Arg-Glu-Glu-GIu-Ser-Glu-Glu-Glu was a better substrate (118); and 

50 Arg-Arg-Arg-Asp-Asp-Asp-Ser-Asp-Asp-Asp was a better substrate than Arg-Arg-Arg-Glu-Glu-Glu-Ser-Glu-Glu-Glu. 
Thus, aspartate is preferred over glutamate (118). Acidic residues on the COOH-terminal side of the serine (threonine) 
are as far as known today absolutely required; acidic residues on the amino-terminal side of the serine (threonine) 
enhance phosphorylation, but are not absolutely required: thus, Ala-Ala-Ala-Ala-Ala-Ala-Ser(Thr)-Glu-Glu-Glu served 
as a substrate for casein kinase II, but was less effective than Ala-Ala-Ala-Glu-Glu-Glu-Ser(Thr)-Glu-Glu-Glu(118)(the 

55 designation Ser(Thr) means serine or threonine). Casein kinases I and II phosphorylate many of the same substrates 
(21) although casein kinase I did not phosphorylate any of the decamer peptide substrates noted here (118). It was 
concluded from studies with a variety of synthetic peptides that the sequence Ser-Xxx-Xxx-Glu (and by inference 
Ser-Xxx-Xxx-Asp) may represent one class of sequences that fulfill the minimal requirements for recognition by casein 
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kinase II although some other peptides and sequences may also suffice (see 118 for a detailed discussion). 

As noted above, other kinases have been described. The mitogen-activated S6 kinase phosphorylates the synthetic 
peptide Arg-Arg-Leu-Ser-Ser-Leu-Arg-Ala (1 09) as does a protease-activated kinase from liver (21 , 1 09). The rhodopsin 
kinase catalyzes the phosphorylation of the peptide Thr-Glu-Thr-Ser-Gln-\fel-Ala-Pro-Ala (21 ). Other protein serine/thre- 
5 onine kinases have been described and their sites of phosphorylation elucidated (21 ). 

The substrate specificity of tyrosine kinases have also been reported (64, pages 920-921 ; 1 1 0). A variety of synthetic 
or natural peptide substrates have been described (64, 110). 

Thus, one skilled in the art has quite an adequate selection of available kinases for use in the invention, which have 
relatively high specificity with respect to the recognition process, but some flexibility to the specific sequence of the 
10 amino acid recognition site. Such kinases provide means for phosphorylation of putative phosphorylation sites in the 
desired proteins. 

The selection of the position of the molecule best suited for the modification depends on the particular protein (and 
its configuration). Where multiple putative phosphorylation sites (and phosphorylatable sites) are to be included in the 
modified protein, one would consider the potential availability of either or both ends and other positions of the molecule 

15 for providing the amino acid recognition sequence. Thus, in accordance with the invention, phosphorylation recognition 
sequences can be introduced at any point in a naturally occurring protein sequence providing such Introduced sequences 
do not adversely affect biological activity where such activity is desired. 

Once the recognition site for a particular protein kinase Is Identified, the Invention provides a method for making by 
recomblnant-DNA techniques the DNA sequence which encodes the recognition site for that kinase within, fused or 

20 linked to the DNA sequence encoding the functional protein which is to contain the corresponding putative labelling site. 

The invention contemplates and includes any protein which is radio-labeilable by the methods of this invention and 
which possesses at least one of the properties of tlie corresponding unlabelled (or unlabellable) protein. In accordance 
with the Invention, the non-phosphorylated (or non-phosphorylatable) protein Is modified to Introduce into the amino 
acid sequence the putative phosphorylatable site; this Is performed after having modified the DNA sequence encoding 

25 the amino acid sequence of the protein with the DNA sequence (part or all) which codes for the putative phosphorylated 
site. In the case of Interferons, the invention Includes all interferons natural or "non-natural" interferons, including such 
structurally modified interferon species which have been reported in the literature (such as hybrid interferons, modified 
Interferons) as discussed above, and other modified interferons which will be reported in the future. 

Natural and "non-natural" (Including modified) interferon species have a variety of biological activities and such 

30 activities are known to occur In different ratios; thus, the invention contemplates not only radio-labelled Interferons which 
have any one of these properlles (and In any ratio), but also biological or other properlles not yet Identified In the known 
Interferon species. It is recognized that the phosphorylation may modify one or more of the properties of the protein to 
one degree or another (see 47, 100, 101 , for example). Indeed there are situations where the properties may be en- 
hanced or developed where they were not detectable prior to modification of the protein. 

35 The Invention also provides particularly interesting labellable and labelled proteins like phosphorylated antibodies 

(especially monoclonal antibodies, hybrid antibodies, chimeric antibodies or modified antibodies), hormones, and "mod- 
ified" streptavidin. The modified streptavidin can be bound to individual biotinylated antibodies, each streptavidin being 
modified by single or multiple phosphorylated groups, which product has greatly enhanced radiation and therefore di- 
agnostic and therapeutic potential. 

40 The Invention also provides a hybrid interferon protein Hu-IFN-aA/gamma constituted of Hu-IFN-aA to which there 

Is fused the COOH-terminal 16 amino acid region of Hu-IFN-gamma, which contains a putative phosphorylation site, 
and the hybrid interferon fusion protein labelled with phosphorus. The fusion protein was synthesized with an expression 
vector constructed by oligonucleotlde-directed mutagenesis. The invention also provides the DNA coding sequence for 
the fused hybrid Interferon protein, expression vectors and the transformed microorganisms, e.g. E. coll host and other 

45 suitable hosts described below. 

The foregoing is not intended to have identified all of the aspects or embodiments of the invention nor in any way 
to limit the invention. The invention Is more fully described below. 

The accompanying drawings, which are incorporated and constitute part of the specification, illustrate embodiments 
of the invention, and together with the description, setve to explain the principles of the invention. 

so 

BRIEF DESCRIPTION OF THE DRAWINGS 



The Figures first illustrate the f used-hybrid interferon (FIGS. 1-7) and then the other modified interferons made in 
accordance with the invention (FIGS. 8-13). 

FIG. 1 is a schematic illustration of a hybrid interferon Hu-IFN-aA/gamma of Hu-IFN-aA and Hu-IFN-gamma, the 
Hu-IFN-gamma segment representing the 1 6 COOH-terminal amino acids and containing the putative phosphorylation 
site. 

FIG. 2 shows an outline of the construction of the fusion protein from Hu-IFN-aA and Hu-IFN-gamma, the 



EP 0 372 707 B1 



Hu-IFN-aA/gamma. 

The Eco RI fragment from pRC23/IFN-gamma was ligated into the BstEII site of pXZ-6 (pIFN-aA) by blunt-end 
ligation to yield pXZ-7. The Eco RI fragment of pXZ-7 was inserted into IVII 3mp1 8 to yield IVII 3mp1 8/IFN-aA/IFN-gamma. 
Oligonucleotide-directed deletion was performed on this latter construct with the oligonucleotide shown to yield a re- 
5 combinant containing the proper deletion (M13mp18/IFN-aA/gamma). The Eco RI fragnent from this Ml 3 recombinant 
replaced the EcoRI insert of pXZ-6 to yield pXZ-8 (pIFN-aA/gamma), the expression plasmid encoding the 
Hu-IFN-aA/gamma fusion protein. The proper construction was confirmed by sequencing the recombinant. T4-t repre- 
sents the phage T4 transcription terminator (56, 57); Ap, ampicillin; cip, calf intestinal phosphatase. 

FIG. 3 shows the nucleotide sequence encoding and amino acid sequence of the hybrid Hu-IFN-aA/gamma. 
10 FIG. 4 shows a polyacrylamide gel electrophoresis of the purified proteins. Lane 1 represents Hu-IFN-aA; lane 2, 

the fused protein Hu-IFN-a/Vgamma; and lane 3, Hu-IFN-gamma. The molecular weight standards (STD) are shown 
in the right column. The gels were developed with a silver stain. 

FIG. 5 shows a polyacrylamide gel electrophoresis of phosphorylated Hu-IFN-gamma and the fusion protein 
Hu-IFN-aA/gamma. The left panel of the Figure represents the gel stained with Coomassie blue. The right panel rep- 
'5 resents the autoradiograph of the same gel as shown on the left panel. The heavy stained bands at MWr 69,000 rep- 
resent bovine serum albumin which was added to the phosphorylation reactions. 

FIG. 6 shows the binding of [32p]Hu-IFN-aA/gamma to Daudi cells. The binding of ppjHu-IFN-aA/gamma to Daudi 
cells was performed as described under "Experimental Procedures". Specific binding (•) represents the difference be- 
tween total binding (O) and non-specific binding (A). Non-specific binding represents the binding in the presence of 
20 excess unlabelled Hu-IFN-a/A. The specific activity of p2p]Hu-IFN-aA/gamma was about 141 nCi/|jg. 

FIG. 7 shows the binding of [32p]Hu-IFN-a/Vgamma to MDBK cells. The symbols and explanations are the same 
as in FIG. 6. 

FIG. 8 shows nucleotide and amino acid sequences of the COOH terminus of Hu-IFN-aA, Hu-IFN-aA-PI , -P2, and 
-P3. The phosphorylation sites recognized by the cAMP-dependent protein kinase created in Hu-IFN-aA-PI, -P2, and 
25 -P3 are shown in rectangles. The sites contain the recognitiori sequence Arg-Arg-Ala-Ser-Leu or Arg-Arg-Ala-Ser-Val 
(for phosphorylation of this Scr) for the cAMP-depcndent bovine heart l<inase together with additional amino acids. The 
nucleotide sequences and amino acid sequences of the interferons are aligned for comparison. 

FIG. 9 shows the construction of expression plasmids for Hu-IFN-aA containing phosphorylation sites. 

FIG. 10 shows an analysis of Hu-IFN-aA-P proteins by SDS-polyacrylamide gel electrophoresis. The gel was stained 
30 with silver. Molecular weight standards are shown on the left most lane. 

FIG. 11 shows an autoradiograph of SDS-polyacrylamide gel electrophoresis of the phosphorylated proteins. 
Hu-IFN-gamma sen/es as an internal molecular weight standard as in FIG. 10. 

FIG. 12 shows the binding of [■'^pjHu-IFN-aA-P proteins to cells. The inset represents Scatchard analysis of the 
specific binding data, "B" represents the radioactivity of ligands bound to cells and "F" is the radioactivity of free or 
3S unbound ligands. (A) and (B): binding ppjHu-IFN-aA-PI to Daudi and MDBK cells, respectively; (C) and (D): binding 
of [32p]Hu-IFN-aA-P2 to Daudi and MDBK cells, respectively. 

FIG. 13 shows the electrophoretic analysis of crosslinked ppJHu-IFN-aA-PI, -P2and -P3 receptor complexes. 

The Figures are explained in greater detail hereinbelow. 

40 DESCRIPTION OF SPECIFIC EMBODIMENTS 

In accordance with the invention, proteins which are normally not phosphorylatable can be modified to render them 
phosphorylatable. In particular, it was of great interest in conjunction with this invention to determine whether and how 
one could achieve the phosphorylation of a particular protein, the interferon Hu-IFN-aA, which as opposed to 
45 Hu-IFN-gamma could not be phosphorylated (as discussed above). The methodology to achieve this result (especially 
without loss of its biological activity) has provided the potential to modify other proteins and render them phosphorylat- 
able. Thus, in accordance with the invention, Hu-IFN-aA has been used as a model for phosphorylation of proteins in 
general. 

Hu-IFN-aA has been modified in accordance with the invention to yield two embodiments, which will be described 
so hereinafter. Both embodiments are applicable to proteins in general and one skilled in the art will select that most suitable 
under the particular circumstances. 

The first embodiment is the construction of a phosphorylatable hybrid or fused protein, Hu-IFN-a/Vgamma; the 
second embodiment is a phosphorylatable modified Hu-IFN-aA with an insert more fully described below. 

The following describes illustrative, but not limiting, specific embodiments. 

55 

Hu-IFN-oA/qamma, a hybrid protein of Hu-IFN-aA andtheCOOH-terminal 16 amino acids of Hu-IFN-gamma. 

The following describes a hybrid or fused protein of Hu-IFN-aA and Hu-IFN-gamma. The fused-hybrid protein was 



7 



EP 0 372 707 B1 



expressed by an expression vector constructed by oligonucleotide-directed mutagenesis. The construction of tlie ex- 
pression vector, tlie expression and purification of the protein, the phosphorylation of the functional hybrid protein and 
the binding of [32p]HU-IFN-aA/gamma to cells (MDBK) are described below. The hybrid protein has antiviral activity. 

The fusion protein prepared In accordance with the Invention comprises Hu-IFN-aA to which the COOH-termlnal 
5 16 amino acids of Hu-IFN-gamma was fused. The protein was prepared by constructing an expression vector by oligo- 
nucleotide-directed mutagenesis. The hybrid protein Hu-IFN-oA/gamma was expressed under the control of the phage 
lambda Pl promoter. The protein was purified with a monoclonal antibody against Hu-IFN-aorthe COOH-termlnal amino 
acid sequence of Hu-IFN-gamma. The purified protein exhibited a single major band on sodium dodecyl sulfate-poly- 
acrylamide gel electrophoresis and has antiviral activity on human and bovine cells. Unlil<e Hu-IFN-aA, but similar to 
10 Hu-IFN-gamma, it was found that the hybrid Hu-IFN-aA/gamma can be phosphorylated by [gamma-32p]ATP and 
cAMP-dependent protein kinase. The phosphorylated molecule binds to the IFN-aA/p receptor. 

The introduction of a phosphorylation site into Hu-IFN-aA by fusion of the region of Hu-IFN-gamma which contains 
the putative phosphorylation site provides a new reagent for studies of receptor binding, pharmacokinetics and other 
studies where labelled interferons are useful. 
J5 Thus, in accordance with the Invention, a hybrid protein was constructed by fusing the COOH-termlnal end of 

Hu-IFN-gamma tothe GOGH terminus of Hu-IFN-aAtoylelda hybrid protein which contains the putative phosphorylation 
site. The phosphorylated protein was found to be biologically active. 

The construction of a plasmid for expression of hybrid Hu-IFN-aA/gamma was carried out as follows. 

As shown In FIG. 2, the DNA sequences for Hu-IFN-aA and Hu-IFN-gamma were cloned Into Ml 3mp18. Plasmid 
20 pXZ-8 encoding a fusion protein was constructed by oligonucleotide-directed deletion as shown. 

Plasmid pXZ-8 Is deposited with the ATCC under Accession number 4051 0, and designated as pHu-IFN-aA/gamma. 

To screen forthe plasmid recombinant with the proper deletion, colony hybridization was performed on 200 colonies 
with the oligomer as probe (58) with the observation that 53 colonies were positive. Of the 53 positive colonies, 36 were 
analyzed by restriction digestion with Eco RI with the result that only two colonies contained the expected restriction 
25 fragments. DNA sequencing confirmed that the 5' end of the sequence coding for the 16 COOH4erminal amino acids 
of Hu-IFN-gamma was fused to the 3' end of the coding sequence for Hu-IFN-aA (FIGS. 1, 2, and 3). A 732 bp fragment 
was deleted In the correct recombinant. The gene for hybrid Hu-IFN-aA/gamma was constructed and expressed under 
control of the lambda P|_ promoter. The sequence of hybrid Hu-IFN-a/Vgamma consists of 181 amino acids (FIG. 3). 

As discussed further below, other promoters in various expression vectors can also be used. 
30 The characterization and phosphorylation of hybrid Hu-IFN-aA/gamma was performed as follows. 

Hu-IFN-aA/gamma was Induced when the E. coli RR1 (pRk248clts857) cells or E. coll AR68(pRK248clts857) cells 
harboring the plasmid pXZ-8 were grown at 42°C and the hybrid protein was purified by monoclonal antibody affinity 
chromatography as described hereinafter. The purified protein exhibited a specific activity of 4 x 10^ units/mg. On 
SDS-polyacrylamide gel electrophoresis In the presence of 2-mercaptoethanol, It exhibited a major single band which 
3S migrated slower than Hu-IFN-aA and almost at the same position of Hu-IFN-aA-P3, another Hu-IFN-aA derivative with 
182 amino acids as shown in FIGS. 4 and 5. It was observed that Hu-IFN-aA/gamma is not as stable as Hu-IFN-aA. 
During experimental procedures, purification steps, and storage, degradation of the protein extracted from E. coli RR1 
was observed; much less degradation was observed when E. coli AR6B was used as the host cell. 

It was found that hybrid Hu-IFN-a/Vgamma can be phosphorylated with [gamma-^^pjATP and bovine heart muscle 
40 cAMP-dependent protein kinase. The specific radioactivity of ppjHu-IFN-a/Vgamma was about 5 nCI/|j.g protein In 
preparations Isolated from E. coll RR1 ; in preparations of Hu-IFN-a/Vgamma isolated from E. coli AR68, the specific 
radioactivity was Increased to about 1 41 |iCI/|ig, presumably reflecting greater integrity of the carboxyl terminus. These 
values are similar to the range of values obtained for [i25|]|FN-aA (59-62). [32p]|FN-a/Vgamma migrates as a single 
species at the same position as unlabelled IFN-aA/gamma on SDS-polyacrylamide gel electrophoresis in the presence 
45 of 2-mercapto8thanol (FIG. 5). 

The binding of [32]Hu-IFN-aA/gamma to cells was as follows. 

Bovine MDBK cells were used for binding studies because Hu-IFN-aA exhibits high antiviral activity on this cell line 
and binds to it (16, 28, 63), whereas Hu-IFN-gamma does not. To determine whether Hu-IFN-aA/gamma binds specif- 
ically to bovine MDBK and human Daudi cells, cells were incubated with various concentrations of [32p]Hu-IFN-a/Vgam- 

£0 ma in the absence and presence of unlabelled Hu-IFN-aA. Specific binding of l^^pjHu-IFN-a/Vgamma to both MDBK 
and Daudi cells is shown in FIGS. 6 and 7. 

These results with [32p]Hu-IFN-a/Vgamma indicate that the fusion of the phosphorylation site of Hu-IFN-gamma to 
the COOH terminus of Hu-IFN-aA, which Itself cannot be phosphorylated, did not destroy the capability of the protein 
to bind. The Hu-IFN-a/Vgamma protein also retained its activity. 

55 This description of the first embodiment of the invention shows the successful construction of a hybrid DNA sequence 

capable of coding for an amino acid sequence containing a putative phosphorylation site, the construction of a suitable 
expression vehicle and of a transformed host which readily expressed the hybrid protein with an intact putative phos- 
phorylation site, and its phosphorylation. 
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The second principal embodiment of the invention reached the initial objective in a somewhat different manner; yet 
it still resulted in a modified interferon which is phosphorylatable. 

While in the first above-described embodiment, the DNA sequence coding for the entire protein which is not phos- 
phorylatable, in this case Hu-IFN-aA, is modified by fusion at the end of its sequence to a sequence which codes for a 
5 putative phosphorylatable amino acid sequence, the second embodiment does not require the fusion to be at the end 
of the sequence and, in fact, does not require a fusion step. 

Thus, the second embodiment shows the wider applicability of the Invention to proteins in general. 

In the second embodiment the resulting protein has been modified by insertion of an appropriate phosphorylatable 
sequence. 

10 The second embodiment will be described hereinafter 

Hu-IFN-g Having Inserted Labellable Sites. 

An important concept of the invention is the incorporation of a kinase-recognizable amino acid sequence into se- 

?5 lected proteins (or converting an amino acid sequence which is not recognizable by a protein kinase into a sequence 
which is so recognized), and labelling the proteins which contain the putative kinase-recognizable phosphorylation site 
by attaching a selected radioactive label by means of the catalytic action of the kinase. 

Generally these steps will be performed at the level of the nucleotide sequence by DNA recombinant procedures. 
After the amino acid consensus sequence recognizable by a protein kinase Is identified, the nucleotide sequence en- 

20 coding this amino acid sequence can be defined and constructed. For purposes of this disclosure, a nucleotide sequence 
encoding an amino acid sequence recognizable by a protein kinase will be designated a "PK nucleotide sequence". 
Similarly the amino acid sequence recognizable by a protein kinase will be designated "PK amino acid sequence". A 
PK nucleotide sequence can be introduced into any selected nucleotide sequence, specifically a nucleotide sequence 
encoding the amino acids of a protein, polypeptide, or peptide. Preferably, the PK sequence is inserted into or joined to 

25 a nucleotide sequence which codes for a protein in such a manner so that the protein product is biologically, biochemically 
or otherwise active. The term "biologically active" is used throughout in this generic sense. Thus, the modified protein 
will be phosphorylatable and still be biologically active. Additionally the phosphorylated modified protein should also be 
appropriately active for the use desired. In some cases, the phosphorylated protein could be Inactive biologically, yet 
still be useful in a radioimmunoassay, for example. 

30 It Is only necessary in accordance with the Invention that there be Incorporated that much of the amino acid con- 

sensus sequence that will contain or be the site for the phosphorylation. Likewise at the DNA level, It is only necessary 
that the codons be provided which code for the amino acids which will be recognized by the kinase. Lack of absolute 
substrate specificity which has been reported to be a general property of protein kinases (21 , 100), may provide further 
latitude in the selection of nucleotide sequences, or the codons coding for the recognized amino acids. 

3S By "incorporates", "incorporation" or "insertion" or equivalentterm, it is not necessary that the amino acid recognition 

sequence (or the nucleotide sequence coding for that amino acid sequence (or part thereof) be actually within the desired 
protein (or the nucleotide sequence coding therefor); it is sufficient that it be part of the modified protein, or part of the 
nucleotide sequence (or of part thereof) coding for the modified product. 

A specific embodiment of the concept of the invention is a genetically engineered Hu-IFN-«Aof the invention which, 

40 unlike the known Hu-IFN-aA (native, natural or genetically engineered), is phosphorylatable and the phosphorylated 
modified Hu-IFN-a. The phosphorylated Hu-IFN-aA-P has retained biological activity with high radio-specific activity 
(2,000-12,000 Cl/mmol). Phosphorylation was performed with the catalytic bovine heart kinase which is a cyclic AMP 
(cAMP)-dependent kinase. The amino acid recognition (or consensus) sequences for the cAMP-dependenl protein ki- 
nase have been identified as Arg-Arg-Ala-Ser-Val and Arg-Arg-Ala-Ser-Leu and Arg-Arg-Ala-Ser-Val-Ala amongst others 

'fs (20, 21). In general cAMP-dependent protein kinases recognize the sequence Arg-Arg-Xxx-Ser-Xxx (21). The amino 
acid and nucleotide sequences of Hu-IFN-aA and their corresponding coding sequence have been reported (23-25). 

Serine has been shown to be the target amino acid for phosphorylation for both the murine (5) and human (4, 1 0) 
IFN-gamma. It has also been shown that in Hu-IFN-gamma there are two serines capable of phosphorylation by the 
cAMP-dependent protein kinase, serines 132 and 142 (5, 10). 

so in accordance with the invention, in three specific illustrations of phosphorylated Hu-IFN-a (herein designated as 

Hu-IFN-aA-PI, -P2, and -P3), the carboxyl-terminal amino acids were modified to contain the phosphorylation sites, 
and the nucleotide sequences encoding the putative phosphorylation sites were constructed. 

The modified interferons were constructed with the use of oligodeoxyribonucleotides designed to produce insertions 
and substitutions at the carboxyl terminus of Hu-IFN-aA by site-specific mutagenesis procedures (described in the lit- 

55 erature and also further described below) with the appropriate DNA sequences Inserted Into phage M13mp19. The 
general methods used for synthesizing a Hu-IFN-a with a modified carboxyl terminus in E. coli are further described in 
the following references (15, 26, 27). 

It is not necessary that the amino acids at the carboxyl terminus be the ones that are modified; the modification can 
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be at the amino terminal end of tlie sequence, and correspondingly can be towards the 5' end of the nucleotide sequence; 
the modification can be virtually at any position of the protein sequence (and corresponding coding region) as long as 
the phosphorylation site is recognizable by the kinase in the intact protein. 

As illustrated above with respect to Hu-IFN-a, the introduction into nucleotide sequences of one or more putative 
s sites encoding amino acid sequences recognizable by an enzyme like a protein kinase opens wide and Important new 
possibilities for modifying proteins in which such sites are absent, or inaccessible, or into which it is desired to introduce 
such additional sites. 

Amongst the protein kinases there are known cyclic nucleotlde-dependent protein kinases which catalyze the trans- 
fer of the gamma-phosphate of ATP to serine and/or threonine hydroxyl groups of acceptor protein substrates, calcl- 

10 um-dependent protein kinases, tyroslne-speclfic protein kinases, cyclic nucleotide- and calcium-independent protein 
kinases. The Invention contemplates the use of any of the protein kinases, the nucleotide sequences which code for 
one or more of the corresponding putative sites for phospliorylation and the modified protein containing the amino acid 
sequences recognizable by this selected protein kinase, and the phosphorylated protein containing the radio-label. Such 
label can be phosphorus, or sulfur, or other groups discussed herein. Also, it need not be a radio-label. It Is sufficient 

'5 that it be an "Identifiable" label. 

Broadly considered, the invention contemplates the phosphorylation of various proteins by protein kinases after the 
introduction of phosphorylatable sites. Thus, the wide applicability of the invention in providing appropriate sites for 
phosphorylation in proteins othenwise not phosphorylatable can be recognized. 

Throughoutthls description of the Invention, the terms "phosphorylatable" (or "phosphorylated") are used. Reference 

20 Is also being made to the analogs of the phosphate donor ATP, such as the gamma thiophosphate analog. Through this 
description the term "phosphorylation" or like term is intended to be generic to include "thiophosphorylation" where for 
Instance, ^1 p 32p or 33p Is replaced by ^ss or sulfur analogs. 

As discussed herein, kinases have been reported to catalyze phosphorylation not only at serine but also at threonine 
or tyrosine (21 , 22, 64). Thus, It Is within the scope of the Invention to construct the nucleotide sequence which codes 

25 for the putative slte(s) of recognition for the kinase selected and, in a manner analogous to that described herein, con- 
struct the repllcabic expression vehicle. Introduce it into an appropriate host which in turn will express the modified 
phosphorylatable protein. In appropriate cases, the modified phosphorylatable protein is exogenous and mature. The 
phosphorylatable proteins can then be phosphorylated. Of course likewise, analogs of phosphorylated proteins - e.g., 
sulfur-labelled ~ can be made. 

30 The nucleotide sequence encoding the putative phosphorylation site in the case of modified Hu-IFN-a which is 

recognized by the cAMP-dependent protein kinase is created by the ollgodeoxyribonucleotide-directed insertion on the 
level of DNAas shown in FIG. 9. 

Construction of the Modified Interferons. 

35 

The construction of expression plasmlds for Hu-IFN-a containing phosphorylation sites was carried out as follows. 
The Eco RI-PstI fragment from pIFLrAthat contained the coding sequence for Hu-IFN-aA (23, 24) was Inserted Into the 
Eco RI-PstI site of I\/I13mp19 to form M13BL27 that was used as the template for site-specific alterations as shown In 
FIG. 9. To construct the coding sequences for Hu-IFN-aA-PI and P2, two ollgodeoxyribonucleotldes were synthesized 

40 to anneal to Ml 3BL27 with the formation of a loop that permits the insertion of nucleotides to generate a coding sequence 
for a phosphorylation site at the COOH-terminal end (boxed residues, FIG. 8). The oligonucleotides used to prepare 
Hu-IFN-aA-PI and -P2, respectively, were: AGT-TTA-AGA-AGT-AAG -AGA-AGG-GCA-AGT-GTT-GCA -TGA-AAA- 
CTG-CTT-CAA : and AGA-AAG-TTG-CAA -AG A-AGT- TTA-AGA-AG G-GCA-AGT-TTA-GGA -TGA-AAA-GTG-GTT- 
GAA . The underlined nucleotides are homologous with the coding sequence and 3' non-coding; nucleotide sequence 

45 of the cDNA encoding Hu-IFN-aA; the nucleotides not underlined produce a loop for the insertion of additional residues 
for PI and P2. A site-specific mutation as well as an insertion was introduced with the P2 oligonucleotide. After annealing 
of the oligonucleotide to single-stranded DNA from M13BL27, the second strand was synthesized and then cut with 
restriction endonucleases Eco RI-Pstl. The Eco RI-PstI fragment obtained was then reinserted into the Eco RI-PstI site 
of phage M13mp1 9 as shown In Figure 9, and then E. coll were transformed with the duplex DNA. Incomplete duplexes 

so (upper right of FIG. 9) do not yield the Pstl -Eco RI duplex fragment. This excision and rellgatlon step was Introduced to 
Increase the efficiency of the site-speclfic mutations providing an overall yield of about 40% positive clones. RF DNA 
samples, prepared from Individual phage Ml 3 plaques, were screened for the presence of the Inserted EcoRI-PstI 
fragment. Positive clones (I.e., those with Insertions; about 75-90% of the plaques) were sequenced by the known Sanger 
dideoxynucleotide procedure (68) to identify the proper mutated recombinant and to confirm the sequence. By this 

55 procedure, about50%of the transformants sequenced contained the mutated coding sequence with the phosphorylation 
site. The Eco RI-PstI fragments were then excised from the respective RF DNA preparations from the phages (Ml 3BL28, 
M13BL29 and M13BL30) and religated into the EcoRI-PstI site of pRC23t to yield the expression vectors pBL281, 
pBL291 and pBL301 as shown in Figure 9. The two EcoRI-PstI fragments originating from pRC23t were obtained by 
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restriction endonuclease digestion of an expression plasmid for IVIu-IFN-p tfiat contained tlie trg terminator just down- 
stream from \he IFN-p coding sequence. 

During tlie construction of the Hu-IFN-aA-PI expression vector, a clone was isolated with a duplication of the -PI 
oligonucleotide, a single nucleotide deletion of one A of codon 164 for Lys, and a second deletion of 11 3'-terminal 

5 residues (AA-CTG-GTT-CAA) from the downstream -PI oligonucleotide. This series of steps generated an in-phase 
coding sequence for a new phosphorylation site on a slightly larger molecule designated Hu-I FN-aA-P3 (FIGS. 8 and 9). 

The general recombinant DNA procedures employed herein have been described elsewhere (15, 26, 27). These 
methods are incorporated herein by reference The use of vectors containing the phage lambda Pl promoter for cloning 
of recombinants and expression of proteins has been described by a number of laboratories (12, 4B, 49, 70-77). A variety 

10 of E. coli strains lysogenic for wild type and mutant phage lambda or containing plasmids encoding the phage lambda 
repressor (1 2, 1 5, 48, 49, 70-78) have been used for growth of plasmids and/or expression of plasmid encoded proteins. 
For example, the following E. coli strains among others have been used for replication of plasmids and/or for expression 
of proteins under control of the phage lambda Pl promoter; E. coll 294 (75; ATCC #31977), AR 13 (77), AR58 (77), 
AR68 (75), AR120 (77, 74), C600 (49, 71 ; ATCC #33766), N99 (72; ATCC #33956), RR1 (66, 70; ATCC #31 343), W3110 

'5 (77). With E. coli strains carrying a temperature-sensitive repressor (cl857), the cells can be grown at 30° C to prepare 
plasmids; upon shifting the temperature to 42''C, the repressor is inactivated and the DNA sequence under control of 
the phage lambda Pl, promoter expressed (49, 66, 70-73, 75). Thus, cells can be grown to a high density at 30°C, then 
induced to express the protein of interest at 42°C. Alternatively, with the use of wild type phage lambda repressor (ch), 
nalidixic acid can be used to induce expression of genes under control of the phage lambda Pl promoter (77). In the 

20 work involving this invention, it has been found desirable to use the temperature sensitive repressor (cl1s857) to regulate 
expression of the genes under control of the phage lambda Pl promoter. Although it was not found necessary to use 
protease deficient strains to achieve high production of recombinant proteins in _E. coli (49, 70, 74, 77), strains lacking 
proteases (79, 80, 81) might prove beneficial in some cases (75, 76). 

Construction and identification of bacterial plasmids containing the nucleotide sequence for Hu-IFN-aA is described 

25 in references 23 and 24. The reports describe the isolation of recombinant plasmids carrying DNA sequences corre- 
sponding to Hu-IFN-a species. The E. coli strain K-12 derivative RR1 can be considered a useful host in the present 
invention. 

Site-specific mutagenesis which is well-suited for the present purposes is described in the following citations (15, 
26, 27 and 43 at unit 8, supplement 2), which are incorporated herein by reference. The background of the method is 
30 reviewed in reference 44. A description in the patent literature is found in U.S. Patent No. 4,751,077, which is also 
incorporated herein by reference. 

In accordance with the invention, the nucleotide sequence coding for the amino acid consensus sequence (which 
will contain the putative phosphorylation site) may be inserted anywhere into the nucleotide sequence of Hu-IFN-aA. 
This can be obsen/ed from the oligonucleotide sequences shown in FIG. 8. However, the insertion of the nucleotide 
3S sequence is preferably made at a site in the nucleotide sequence encoding Hu-IFN-ocA so as to minimize an undesirable 
effect on the biological activity of the resultant recombinant protein, when such biological activity is critical. 

The Expression of Hu-IFN-aA-P by Bacteria 

40 The expression of the modified interferons in E. coli transformed with the expression plasmids encoding the 

Hu-IFN-aA-P proteins and the purification of Hu-IFN-aA-P proteins were carried out as follows. Each of the three 
above-named vectors was introduced into E. coli cells containing the plasmid pRk24Bclts857. E. coli AR6B cells and 
E. coli RR1 cells containing the compatible plasmid pRK248clts857 harboring each of the pBL281 , pBL291 and pBL301 
plasmids expressed Hu-IFN-aA-PI , -P2, and -P3, respectively, under control of the Pl promoter and trp terminator at 

45 42°C. The yields of Hu-IFN-aA-PI , -P2, and -P3 in E. coli AR68(pRK248) were higher than that in E. coli RR1 (pRK248) 
harboring the same plasmids. The products expressed in E. coli AR6B at 42°C were used to purify the Hu-IFN-aA-PI , 
-P2, and -P3 proteins by immunoaffinity chromatography as described further below. The data in Table 1 (below) show 
that greater than 50% of the antiviral activity was recovered. Hu-IFN-aA-PI, -P2, and -P3 were purified to a specific 
activity of 1 .2 x 1 0^, 1.1 x 1 0^ and 1 .5 x 1 0^ units per mg protein, respectively. 

so Plasmid pBL281 is deposited with the ATCC under Accession number 40509, and designated as pHu-IFN-aA-PI . 
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Table 1 
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Antiviral activity 
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32.6 


4.9x105 
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aA-P1 




1.8x 107 


113 
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1.1 X 107 


71 


009 


1.2 X 108 


246 






1.6x 107 


100 


34.3 


4.7 X 105 
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CCA-P2 
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1.2x 107 


75 


12.9 


9.3 x 105 


2 
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0.9x107 


56 


0.08 


1.1 X 108 


232 




1 


1.6x 107 


100 


33 0 


4.8 X 105 


1 


aA-P3 


2 


1.8x107 


113 


15.0 


1.2 X 106 


25 




3 


2.6x107 


163 


0.18 


1.5x108 


312 



The characterization of Hu-IFN-aA-P and Its 32p-|abelled product was carried out as follows. The purified 
Hu-IFN-aA-PI, -P2, and -P3 proteins were analyzed by SDS-polyacrylamlde gel electrophoresis In the presence of 
2-mercaptoethanol (FIG. 10). A single band was obsen/ed on the silver stained gel with Hu-IFN-aA-PI or -P2. 
Hu-IFN-aA-P2 migrated slightly faster than Hu-IFN-aA-PI and a little slower than Hu-IFN-aA. Hu-IFN-aA-P3 yielded 
two bands, the slower migrating band being the Intact molecule. 

Hu-IFN-aA-PI , -P2, and -P3 were phosphorylated by the cAMP-dependent protein kinase with [gamma-32p]ATP 
to a specific radioactivity of 2,000-12,000 Cl/mmol. Following phosphorylation, [32p]Hu-IFN-aA-P1 and -P2 migrate on 
SDS-polyacrylamide gel eleclrophoresis in the presence of 2-mercaploelhanol as a single band with an apparent mo- 
lecular weight of 19,000-20,000 (FIG. 11) corresponding to the same positions as the silver stained unlabelled band. 
The labelled Hu-IFN-aA-P3 migrates slower than the -PI or -P2 products as expected. Since the faster migrating P3 
band Is unlabelled (cf. FIGS. 10 and 11), It is likely that the GOOH-termlnal extension of -P3 that contains the phospho- 
rylation site Is trimmed from the full length product to yield the faster migrating form. Unlabelled Hu-IFN-aA and [12S|] 
Hu-IFN-aA were used as molecular weight standards and controls (FIGS. 10 and 11). 



Antiviral Activity of the New Interferons. 



The effect of phosphorylation on the antiviral activity of Hu-IFN-aA-PI , -P2, and -P3 was determined In a parallel 
experiment. Phosphorylation, It was found, has little or no effect on the antiviral activity of the Hu-IFN-aA-PI , -P2, and 
-P3 measured with both bovine MDBK cells and human WISH cells. 

Table 2, below shows the antiviral activity of non-phosphorylated and phosphorylated Interferon alpha proteins. 



Table 2 



Effect of Phosphorylation on the Antiviral Activity of Phosphorylated Human Interferon Alpha Proteins 






Antiviral Activity 


Human IFN-aA 


[gamma-32p]ATP 


MDBK 


WISH 


aA-P1 




1.6x106 
1.6x106 


4.0x106 
2.4x106 


aA-P2 




1.6x106 

0.9x106 


8.8x106 

8.8 x 106 


aA-P3 




6.4X 106 
4.8x106 


4.8 x 106 
3.2 x 106 



Ability to Bind to Receptors. 

The ability of p^pjHu-IFN-aA-P to bind to receptors was shown as follows. [32p]Hu-IFN-aA-P1 and -P2 bind to 



12 



EP 0 372 707 B1 



bovine MDBK and human Daudi cells (FIG. 1 2) with the specific binding approaching saturation at higher concentrations. 
Scatchard analysis of the data yielded the following estimates. The bovine MDBK cells contain approximately 3,800 and 
9,450 receptors per cell calculated from the binding of p2p]Hu-IFN-aA-P1 and -P2, respectively; Daudi cells, approxi- 
mately 1 ,650 and 4,900 receptors per cell. Dissociation constants (Kj) were calculated to be 1 .4x IQ-io M for the binding 
5 Of [32p]Hu-IFN-aA-P1 to both the human and bovine cells; and 3.5 x 10-1° M and 2.2 x 10-1° M for the binding of [32p] 
Hu-IFN-aA-P2 to human and bovine cells, respectively. Similar results are obtained with [32p]Hu-IFN-aA-P3. 

All these phosphorylated [32p]Hu-IFN-aA-P derivatives bind to the Hu-IFN-cx/p receptor because their binding to 
Daudi cells was competitively blocked by Hu-IFN-aAand Hu-IFN-p, but not by Hu-IFN-gamma. 

10 Crosslinking of r ^ ^PIHu-IFN-aA-P to the Receptors. 

The crosslinking of ppjHu-IFN-aA-P to the receptors was carried out as follows. pp]Hu-IFN-aA-P1 , -P2, and -P3 
were each covalently crosslinked to the receptors by reaction witli disuccinimidylsuberate after binding to the cells (FIG. 
1 3). The radioactive complexes migrate as several bands with molecular weights of 100K-200K from the Daudi cells or 
'5 as a broad band with an apparent molecular weight of about 150K from the MDBK cells upon analysis by SDS-polyacr- 
ylamlde gel electrophoresis. The crosslinked complexes of the receptors on the cells with ppjHu-IFN-aA-PI , -P2, and 
-P3 appear to be the same on SDS-polyacrylamide gels, but differ from the crosslinked complexes of [32p]Hu-IFN-gam- 
ma formed with human Daudi cells. Neither the crosslinked complexes nor the free [32p]Hu-IFN-aA-P1 , -P2, and -P3 
are seen If excess non-radioactive Hu-IFN-aA Is Included during the binding reaction (FIGS. 12 and 13). 

20 

Hu-IFN-B Containing A Phosphorylation Site. 

Likewise nucleotide sequences coding for a Hu-IFN-p-like protein, which sequence contains a putative phosphor- 
ylation site recognizable by the cAMP-dependent protein kinase, is prepared. 
25 The following procedure generates a modified Hu-IFN-p containing a site recognizable by the cAMP-dependent 

protein kinase from bovine heart. The Pstl-Bglll 363 bp fragment from the cDNA encoding Hu-IFN-ji is excised from the 
expression vector pFIFtrp69 (104). The 363 bp fragment is inserted into the PstI and Xma l sites of phage M13mp18. 
First the PstI end of the Pstl-Bglll fragment Is llgatedtothe dsDNAof M13mp18cut with restriction endonucleases PstI 
and Xma l. The Bg|ll end of the fragment Is then llgated to the M13mp18 vector with the use of a Bglll -Xma l linker: 

30 

GATCTGCGCGCGC 

ACGCGCGCGGGCC 

35 which reconstructs B3II I and Xma l sites. Since there is no Bglll site in the polylinker region of M13mp18, this Bglll -Xma l 
linker is used to preserve the Bajll site and permit cutting with Xma l for preparation of one of the intermediate recom- 
binants (see below and analogous construction in Fig. 8). The Ml 3mp18 containing the 363 bp fragment from the 5' 
end of the coding region of Hu-IFN-fi formed M1 3-A that is used as a template for site specific mutation as follows. The 
site specific insertion is made similarlyto that described above for construction of Hu-IFN-aA-PI. To construct the coding 

40 sequence for Hu-IFN-p-P the modified Hu-IFN-p, a oligodeoxvribonucleotide (CTT-ACA-GGT-TAC-CTC-CGA - 
AGG-GCA-AGT-GTT-GCA -TGA-AGA-TCT-GCG-CGC-GCC-CGG ) Is synthesized to anneal to Ml 3-A with the forma- 
tion of a loop that would permit the Insertion of nucleotides to generate a coding sequence for a phosphorylation site at 
the GOOH-terminal end. The underlined residues of the oligonucleotide shown above are homologous with the nucle- 
otides of the phage Ml 3-A that contains the cDNA fragment encoding Hu-IFN-p. A comparison of Hu-IFN-p and 

45 Hu-IFN-p-P is shown below: 



50 



55 
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160 165 
Hu-IFN-Q Leu-Thr-Gly-Tyr-Leu-Arg-Asn-END 
CTT - ACA- GGT -T AC - CTC - CGA- AAC -TGA 



160 165 170 

Hu-IFN-fl-P I.ea-Thr-Glv-Tvr-Leu- Arq-Arq-Ala-Ser-Val-Ala -END 

75 ' CTT-ACA-GGT-TAC-CTC-CGA-AGG-GCA-AGT-GTT-GCA-TGA 

The underlined residues of the modified Hu-iFN-p-P from 165-170 represent the cAMP-dependent protein kinase rec- 
ognition site. The nucieotides of the oiigonucieotide above that are not underiined produce a loop for the insertion of 
residues 166-1 70 of Hu-IFN-p-P. After annealing of the oiigonucieotide to singie-stranded DNAfrom iVIl 3-A, the second 
strand is synthesized and then cut with restriction endonucleases Psti and Xma i. The resuitant Psti -Xma i fragment is 

20 tlien reinserted into the Pst i -Xma i site of phage iVIl 3mp1 8 as shown anaiogously in Fig. 8 and then E. coii are trans- 
formed with the duplex DNA. This excision and religation step is introduced to increase the efficiency of the site-specific 
mutations RF DNA preparations from individual phage IVIl 3 plaques are screened for the presence of the inserted 
Pstl- Xma l fragment. Positive clones (i.e. those with insertions) are sequenced by the Sanger dideoxynucleotide proce- 
dure (68) to identify the proper mutated recombinant and to confirm the sequence. By this procedure, several transform- 

25 ants sequenced contain the mutated coding sequence with the phosphorylation site (M13-P). The Pstl-Bglll fragment 
is then excised from the RF DNAfrom the phage M13-B and rcligatod into the PstFBglll site of pFIFtrg69 to yield the 
expression vector similar to the original vector. The general recombinant DNA procedures employed have been de- 
scribed elsewhere (1 5, 26, 27, 43), 

The phosphorylatable modified interferon is expressible as described (104), and can be purified following the pro- 

30 cedure for the corresponding Hu-IFN-p (65). 

The following illustrative examples are not intended to limit the invention in any manner whatsoever. 

ILLUSTRATIVE EXAMPLES 

3S Bacterial Strains, Enzymes and Chemicals. E. coil RR1 containing the plasmid pRK248clts857 with the tem- 

perature-sensitive repressor of the phage lambda Pl promoter, was obtained from Robert Growl (12). The plasmid 
pPRK248cits857 was introduced into E. coil AR68 (75) by transformation. 

Restriction endonucleases and polynucleotide l<inase were from New England BioLabs, The buffer conditions used 
were described by the manufacturer. The Klenow fragment of Escherichia coli DNA polymerase I and T4 DNA ligase 
40 were from international Biotechnologies, Inc.; calf intestinal phosphatase (c.l.p.) was from Boehringer-IVIannheim Bio- 
chemicals. Ligation reactions were carried out in the presence of low melting point agarose gel (15, 66). 

The catalytic subunit of cAMP-dependent protein kinase from the bovine heart muscle with a specific activity of 
20,000 units/ml was obtained from Sigma. [Gamma-32p]ATP with specific radioactivity of 5,000 Ci/mmol was obtained 
from Amersham; dithiothreitol (DTT), from Bethesda Research Laboratories; bovine serum albumin (BSA), from l\^iles 
'fs Laboratories; acrylamide and N,N'-methylenebisacrylamide, from International Biotechnologies, Inc. (IBI); sodium do- 
decylsulfate (SDS), from Sigma; and disuccinimidyl suberate (DSS), from Pierce Chemical Co. 

Interferon and Protein Assays. Interferon activity was determined by a cytopathic effect inhibition assay with 
vesicular stomatitis virus and bovine IVIDBK cells (13), All interferon titers are expressed in reference units/ml calibrated 
against the reference standard for human leukocyte Interferon (G-023-901-527) obtained from the Antiviral Substances 
50 Program of the National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD. Protein 
concentration was determined by the procedure of Bradford (14) with bovine serum albumin as a standard. 
The following illustrates the preparation of the fused-hybrid Hu-IFN-aA/gammma. 

Synthesis and Phosphorylation of Oligonucleotide. 

55 

The oligodeoxyribonucleotide CTGACTCCTTTTTCGCTTTTCCTTACTTCTTAAC which was used for oligonucle- 
otide-directed mutagenesis and hybridization screening was synthesized and phosphorylated as described (66). After 
the phosphorylation reaction, the reaction mixture was diluted with 3.5 ml of 6 x SSC (0.9 M NaCI, 90 mlVI sodium citrate) 
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and used directly for screening by hybridization. 

Oligonucleotide-directed Deletion. About 100 pmoles of phosphorylated oligomer were annealed witli 1 pmole 
of ssDNA template in 10 ^1 of 30 mlVI Tris-HCI, pH 7.5, 10 mM MgClg at 80°C for 5 min. and gradually cooled to 30°C 
for 30 min., then put on ice. The volume was adjusted to 20 [i\ of 30 mM Tris-HCI, pH 7.5, 10 mM MgCl2, 0.5 mM dATP, 

5 0.5 mM dCTR 0.5 mM dGTR 0.5 mM dTTP, 1 mM ATP, 10 mM dithiothreltol (DTT). The oligomer was extended with 
2.5 units of the Klenow fragment of DNA polymerase I in the presence of 6 units of T4 DNA ligase at 16°C for 24 hr. 
The reaction mixture was then extracted once with an equal volume of phenol and chloroform (1:1) and precipitated 
with 1/1 0 volume of 2.5 M sodium acetate and 2 volumes of 95% ethanol. After washing with 75% ethanol, DNAs were 
digested with Spe l for the enrichment of the mutated DNA before transformation of RR1(lambda-clts857). For screening, 

10 the colony hybridization method was used as described (58, 67). DNA sequencing was performed by the dideoxy se- 
quencing method (68) after the 600 bp Hinc ll/PstI fragment from M13mp18/Hu-IFN-aA/gamma was inserted into the 
Hind i and PstI site of M13mp19. 

Preparation and Purification of Hu-IFN-aA/gamma. E. coli RR1 (pRK248clts857) cells harboring 
Hu-IFN-aA/gamma were grown in LB broth at 30°C overnight. An overnight culture of 40 ml was diluted to 2,000 ml of 

'5 M9 medium containing 0.4% of casamino acids, 50 ng/ml ampicillin (Ap) and 25 \ig/m\ tetracycline. Bacteria were grown 
at 30''C until the cell density at 600 nm reached 1 .0, at which time the cells were transferred to 42°C for 2-3 hrs. The 
cells were collected by centrifugation at 7,000 rpm for 10 min. and stored at -20°C until used. 

For purification, all steps were carried out at A'C. Frozen cells (1 0 g) were suspended in 3 volumes (40 ml) of 7 M 
guanidine hydrochloride in 25 mM Tris-HCI, pH 7.5. The suspension was mixed for 1 hr. and centrifuged at 1 7,000 rpm 

20 for 30 min. The supernatant was diluted into 10 volumes of phosphate buffered saline (PBS). Solid ammonium sulfate 
was added to 65% saturation with vigorous stirring. The suspension was kept at 4°C for 2 hrs, and then centrifuged at 
1 0,000 rpm for 20 min. The pellet was suspended in 20 ml of PBS and dialyzed extensively against PBS. The suspension 
obtained was centrifuged at 10,000 rpm for 20 min. and the supernatant was mixed with 0.3 ml of monoclonal antibody 
to Hu-IFN-aA (LI -8) coupled to Affi-gel 10 (16, 41 ) for 1 hr. The mixture was then loaded into a 1-ml disposable syringe. 

25 After washing with four column volumes (0.3 ml) of 0.5 M NaCI, 25 mM Tris-HCI, pH 7.5, the column was rinsed with 
four column volumes of 0.15 M NaCI and then eluted with four column volumes of 0.2 N acetic acid and 0.15 M NaCI, 
pH 2.5. Antiviral activity was eluted in the first two fractions. It was measured by a cytopathic effect inhibition assay on 
bovine MDBK cells (13). The concentration of protein was determined by the procedure of Lowry (69) or Bradford (14) 
with bovine serum albumin as a standard. The concentrations obtained by the two procedures were in agreement. The 

30 procedure yielded 240 |.tg of Hu-IFN-aA/gamma with a specific activity of 4 x 10^ units/mg. 

Preparation of Hu-IFN-aA/gamma protein from E. coli AR68(pRK248clts857) harboring the expression plasmid 
pXZ-8 and its purification by immunoaffinity chromatography with monoclonal antibody against Hu-IFN-a is as described 
below for the Hu-IFN-a-P proteins. The yield from 50 ml of bacterial culture was 388 |xg of Hu-IFN-aA/gamma with a 
specific activity of 2.3 x 10^ units/mg. The procedure of purification by immunoaffinity chromatography with monoclonal 

3S antibody against the COOH-terminal sequence of Hu-IFN-gamma is the same as above. Elution with acid yielded 281 
|u,g of Hu-IFN-aA/gamma with a specific activity of 1 .3 x to*" units/mg from 50 ml of bacterial culture. 

Phosphiorvlation of Hu-IFN-aA/gamma. Hu-IFN-a/Vgamma was phosphorylated as described for Hu-IFN-gam- 
ma (3, 6) with some minor modifications. About 1 |ag of Hu-IFN-a/Vgamma was incubated at 30° C for 60 min. with 0.5 
mCi of [gamma-32p]ATP (>5,000 Ci/mmol, Amersham Corp.) and 10 units of the catalytic subunit of bovine heart 

40 cAMP-dependent protein kinase (Sigma) in 30 ^.1 of 20 mM Tris-HCI, pH 7.4, 100 mM NaCI, 12 mM MgClg, and 3 mM 
DTT, then cooled on ice to stop the reaction. After addition of 0.3 ml of 5 mg/ml bovine serum albumin in 1 0 mM sodium 
pyrophosphate, pH 6.7, the reaction mixture was dialyzed extensively against 10 mM sodium pyrophosphate, pH 6.7, 
at 4°C. Incorporation of radioactivity into Hu-IFN-aA/gamma was measured with a liquid scintillation spectrometer after 
precipitation of the protein with trichloroacetic acid (82). 

45 Binding of Hu-IFN-aA/gamma to cells. Bovine MDBK cells were used for binding studies. MLBK cells were 

grown to confluence in 6-well tissue culture plates in medium (Gibco F-1 1 ) supplemented with 1 0% fetal calf serum and 
50 |ag/ml gentamicin. Medium was removed, and 1 ml of fresh medium was added into each well. After 20 min., p2p] 
Hu-IFN-a/Vgamma was added in the absence or presence of 0.6 [ig unlabelled Hu-IFN-aA (10^ units/mg). Following 
incubation at room temperature for 1 hr, the plates were put on ice and each well was washed with three 1 ml volumes 

£0 of cold PBS. Then 1 ml of 1 % SDS was added to remove cells from the wells. Radioactivity was determined with a liquid 
scintillation counter by placing the 1 ml samples in 10 ml of a scintillation fluor (83). Binding of [32p]Hu-IFN-aA/gamma 
to the human Daudi cells is described below with the Hu-IFN-aA-P proteins. 

The following illustrates the construction of modified interferons by "insertion". 

Construction of IModified Interferons. Because of certain limitations of the hybrid-fusion procedure and product 
55 as discussed above, an alternative construction was explored. It was then discovered that a putative phosphorylation 
site could be introduced into a nucleotide sequence of Hu-IFN-a. 

The amino acid recognition or consensus sequences for the cAMP-dependent protein kinase have been identified 
as Arg-Arg-Ala-Ser-\fel and Arg-Arg-Ala-Ser-Leu among others (20, 21 ). The amino acid sequence of Hu-IFN-aA and 
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its corresponding coding sequence liave been reported (23-25). Hu-IFN-aA as well as other interferons have been 
expressed in E. coli expression vectors under control of the tr^ and the phage lambda Pl promoter (see references 1 , 
24 and 25 for reviews and additional citations). The terminal nucleotides corresponding to the last ten carboxyl-terminal 
amino acids of Hu-IFN-aA are shown in FIG. 8 as well as sequences corresponding to modified molecules, 

5 Hu-IFN-aA-PI, -P2, and -P3, which contain putative phosphorylation sites. To construct these molecules oligodeoxyri- 
bonucleotides were synthesized to introduce the insertions and substitutions shown at the carboxyl terminus of 
Hu-IFN-aA (FIG. 8) by site-specific mutagenesis procedures with the appropriate DNA sequences inserted into phage 
M13mp19 (15, 26, 27). The phosphorylation sites in Hu-IFN-aA-PI, -P2, and -P3 (FIG. 8) recognized by the cAMP-de- 
pendent protein kinase were created by the oligodeoxyribonucleotide-directed insertion on the level of DNA as shown 

10 in FIG. 8. 

The expression plasmids pBL281, pBL291 and pBL301, coding for Hu-IFN-aA-PI : -P2, and -P3, respectively, were 
constructed as outlined in FIG. 8. The sequences coding for the modified interferons were inserted into an expression 
vector under control of the phage lambda Pl promoter also as illustrated in FIG. 8. E_colj AR68 containing the compatible 
plasmid pRK248cltsB57 was transformed with each of the expression plasmids encoding the Hu-IFN-aA-P proteins 

'5 containing the GOOH-terminal sequences shown in FIG. 8. The phosphorylatable modified interferons were expressed 
and purified as described further below. 

Expression and Preparation of Hu-IFN-oA-P. E. coli RR1 (pRK248clts857) cells harboring pBL281, pBL291 or 
pBL301 plasmids containing the Hu-IFN-aA-PI , -P2, and -P3 coding sequences were grown at 30°C overnight in M9CA 
medium (15) with the concentration some components modified as follows: 1% casamino acids, 1% glucose, 10 mM 

20 MgS04 and 1 mM CaClg, and containing 2 ng/ml thiamine, 50 ng/ml ampiclllin and 1 2.5 |j.g/ml tetracycline. For expression 
of Hu-IFN-aA and modified proteins, 100 ml of l\/19CA medium was Inoculated with 3-5 ml of an overnight culture. The 
bacteria were grown at 30°G until the cell density reached an optical density at 600 nm of 0.3-0.5 in 2-3 hours, at which 
time che culture was transferred to 42°C for an additional two hours. The bacterial cells were collected by centrlfugation 
and lysed In 8 M guanldine hydrochloride and 50 mM Tris-HGI, pH 7.6, at 0°G for 10 min. The supernatant obtained 

25 after centrlfugation at 14,000 rpm (SA-600 Sorvall rotor) for 30 min. was used to assay the antiviral activity or to purify 
the Hu-IFN-aA and modified Interferons. 

E. coll AR68(pRK248clts857) cells harboring plasmids pBI-281, PBL291, or PBL301 containing Hu-IFN-aA-P coding 
sequences were grown in LB medium (15) containing 50 ng/ml ampiclllin and 1 2.5 |j.g/ml tetracycline at 32° G overnight. 
The overnight culture was diluted five-fold with fresh LB medium containing the same concentration of antibiotics as 

30 above and then grown at 32°C for 2-3 hours. For expression of the Hu-IFN-aA-P proteins, harvesting of cells, and 
preparation of supernatants the procedures described above for use with E. coli RR1 cells were used. 

The purification of Hu-IFN-aA-P proteins were carried out as follows. All steps for purification of Hu-IFN-aA-P spe- 
cies were carried out at 4°C-8°G. Ten ml of the guanldine hydrochloride supematant from 100 ml of the expressed 
culture were diluted tenfold with cold phosphate-buffered saline (PBS) and precipitated at 65% saturation of ammonium 

3S sulfate at 4°G overnight. The precipitate was collected by centrifugatlon at 10,000 rpm (Sorvall GSA rotor) for 20 min. 
at 5°G. The supernatant was decanted and saved. The residual pellet was dissolved again in 10 ml of cold PBS and 
the solution centrlfuged as above. The combined supernatants of 30 ml were mixed with 1 ml of Affl-gel 10 to which 
monoclonal antibody LI-8 (against Hu-IFN-a) was linked (16, 41) and the suspension rocked at 4°C for 1 hour. The 
Immunoabsorbent was loaded Into the barrel of a 2 ml disposable syringe and washed with 20 column volumes or more 

40 of each of the following cold solutions sequentially (16): PBS, Buffer F (0.5 m NaGI, 25 mM Tris-HGI, pH 7.5, and 0.2% 
Triton X-100); and 0.15 M NaGI. Then the interferon was eluted with Buffer H (0.2 M acetic acid, 0.15 M NaGI, pH 2.6) 
and 0.4 ml fractions collected. The eluted fractions were neutralized with 1 M Tris base to pH 7.0 and the fractions of 
peak antiviral activity pooled. 

The phosphorylation of Hu-IFN-gamma and Hu-IFN-aA-P proteins was carried out as follows: Hu-IFN-aA-P or 

45 Hu-IFN-gamma were labelled with [gamma-32p]ATP and the cAMP-dependent protein kinase as described for 
Hu-IFN-gamma with some minor modifications (3, 6). About 0.25 to 0.65 p.g of Hu-IFN-gamma or Hu-IFN-aA-P was 
Incubated at 30°G for 1 hour with 0.25 mGi of [gamma-^^pjATP (5,000 Gi/mmol, Amersham) and 7.5 units of the catalytic 
subunit of cAMP-dependent protein kinase in 30 |a.l containing components as previously reported (3, 6). The reaction 
mixture was then cooled In an ice bath, and, after the addition of 270 |^l of 5 mg/ml bovine serum albumin in 10 mM 

so sodium pyrophosphate (NaPPI), pH 6.7, was dialyzed extensively against 10 mM NaPPi at 4°G. The radioactivity as- 
sociated with [32p]Hu-IFN-aA-P was determined In a Beckman Model-LS3801 scintillation spectrometer. The phospho- 
rylated Hu-IFN-aA-P was stored In liquid nitrogen In small volumes. 

It has been reported (6) that the Hu-IFN-gamma phosphoryiated with 32p has a 100-fold higher specific radioactivity 
than reported for [i^SijiFN-gamma. 

55 The phosphoryiated Interferons in accordance with the invention provides molecules with higher radio-specific ac- 

tivity than previously obtainable (1,000-12,000 Gi/mmol) with retention of biological activity. Thus, the phosphorylation 
site inserted into Hu-IFN-aA at the GOOH terminus does not detrimentally affect the biological activity (antiviral activity) 
and can be effectively recognized by the cAMP-dependent protein kinase. 
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Further Hu-IFN-aA-PI and -P2 are stable during purification and phosphorylation. The Hu-IFN-aA-P3, which as 
shown in FIG. 8 has an additional septidecylpeptide at the COOH terminus, degraded into at least two fragments. 

It is evident that for some biological applications the phosphorylated modified interferons, and those labelled with 
phosphate analogs such as those containing S, should be stable in serum. 
5 The binding of [32p]Hu-l FN-aA-P1 , -P2, and -P3 to bovine MDBK cells and human Daudi cells was performed. [32p] 

Hu-IFN-aA-P1 , -P2, and -P3 crossllnked to cells exhibited one complex of about 150K with the bovine MDBK cells and 
several complexes of 100-200K with the human Daudi cells. 

The binding of [-^^PJHu-IFN-aA-P to cells was performed as follows: Confluent monolayers of bovine MDBK cells 
were trypsinized and f ml (f x 10® cells) of the cell suspension in Dulbecco's modified Eagle's medium (Gibco) containing 
10 10% inactivated fetal calf serum and 1% penicillin-streptomycin solution (Gibco) was added to each well of a 6-well 
plate. The cell monolayers reached confluence and approximately doubled on overnight incubation at 37°G at which 
time they were used to measure binding of p2p]Hu-IFN-aA-P. For beginning the binding, the medium was removed, 
then 1 ml of fresh medium containing [^^pjHu-IFN-aA-P at the indicated concentration was added into each well in the 
absence (-) or presence (+) of excess nonradioactive Hu-IFN-aA as a competitor (>500-fold more than [-^^pjHu-IFN-aA-P 
'5 added). The plates were incubated with rocking at room temperature (24°C) for 60 min., after which they were placed 
on ice to cool. Each well was washed three times with 1 ml of cold PBS to remove the unbound radioactive ligand. After 
washing, 1.5 ml of 1% sodium dodecylsulfate in water was added to each well and, after dissolution of the cells and 
bound radioactivity, the entire 1.5 ml was counted in a Beckman Model LS3801 scintillation counter in 2 ml Hydrofluor 
scintillation fluid. 

20 The binding of [32p]Hu-IFN-aA-P to human Daudi cells was performed as described previously (17) with some 

modifications. Daudi cells were harvested by centrifugation at 1,000 x g for 10 min., washed twice with the growth 
medium(RPMI-1640, Gibco-H18, supplemented with 12.5 mM sodium HEPES, 10% fetal calf serum and50|j.g/ml gen- 
tamicin) and resuspended in the medium to a concentration of 1 x 10'' cells/ml. The binding of p2p]Hu-IFN-aA-P at the 
indicated concentration to 1 .25 x 10® Daudi cells in a total volume of 125 ^il was allowed to proceed in the absence or 
25 presence of non-radioactive Hu-IFN-aA as a competitor at room temperature (24°C) for 60 min.; with gentle resuspension 
every 15 mm. At the end of the 60 min. incubation period, 100 |il of the cell suspension was layered onto a 300 ^1 cushion 
of 10% sucrose in PBS in a sample cup and pelleted by centrifugation (Beckman Microfuge Type B) for 2 min. Tubes 
were frozen in a dry ice-ethanol bath, and then the tips of tubes containing the cell pellets were cut off and counted as 
above. The specific binding at a given concentration of [32p]Hu-IFN-aA-P is defined as the difference in bound radio- 
so activity between samples incubated in the absence (total) and presence (nonspecific) of excess non-radioactive 
Hu-IFN-aA. 

The covalent crosslinking of p2p]Hu-IFN-aA-P to the receptors was carried out as follows: A monolayer of bovine 
MDBK cells in 75-cm2 tissue culture flasks was washed twice with Dulbecco's phosphate-buffered saline, trypsinized 
with 2 ml of trypsin-EDTA solution (1 x in phosphate-buffered saline, Gibco laboratories) at 37°G until the cells were 

3S released from the tissue culture flask. After addition of 10-20 ml of Dulbecco's modified Eagle's medium (Gibco Labo- 
ratories) containing 10% inactivated fetal calf serum and 1% penicillin-streptomycin (Gibco), cells were collected by 
centrifugation at 500 xg for 5-10 min. and resuspended in the same medium to a concentration of about 1x10'' cells/ml. 
About 5 x 105 cpm of [32p]Hu-IFN-aA-P (2,000-12,000 Cl/mmol) was added to 0.5 ml of cells with or without 1 |i.g of 
non-radioactive Hu-IFN-aA as a competitor After incubation with rocking at room temperature (24°C) for 1 hour, the 

40 cells were pelleted for 20 seconds at 1 4,000 rpm in an Eppendorf Microfuge, washed twice with 1 ml of cold PBS, then 
treated with a final concentration of 0.5 mM disuccinimidyl suberate (freshly prepared in dimethylsulfoxide) at 4°C for 
20 min. as described (7). The crosslinking of [32p]Hu-IFN-aA-P to cell receptor proteins was analyzed by sodium do- 
decylsulfate (SDS)-polyacrylamide gel electrophoresis (18) on 1.5-mm thick slab gels containing 8% acrylamide as 
described in detail previously (6, 7). The crosslinking thus was confirmed. 

45 35s.|abelled proteins, like Hu-IFN-aA-PI , are obtainable in a manner similar to that described above. 

SDS-polvacrvlamide Gel Electrophoresis. The proteins, labelled products and covalent crossllnked complexes 
were analyzed by electrophoresis on the SDS-polyacrylamide slab gels of 1 .0 or 1 .5-mmn thickness by the method of 
Laemmli (18). After electrophoresis, the proteins were stained with silver (19) or with Goomassie brilliant blue. Gels 
containing radioactive samples were dried under vacuum and autoradiographed at room temperature for the labelled 

so ligands and at -1 70°C for the covalent crossllnked complexes with Kodak X-Omat film and intensifying screens. 

Other Expression Vectors, Host Cells, Etc. While presently preferred procedures to express the modified in- 
terferons, to make various nucleotide sequences, and to transform specific hosts have been illustrated, it is evident that 
the invention is not in any way limited by these illustrations. Both eukaryotic and prokaryotic host cells may be used. 
Several procedures for the isolation of genes and expression of interferons in bacterial cells and heterologous cells are 

55 quite well-suited for production of modified interferons of the invention. For instance, several such methods describe in 
reference (1 ) Section VII the use of yeast vectors for production (Chapter 59) of and secretion (Chapter 60) of human 
interferons by yeast. Other microbial strains of E. coll may be used, or Bacilli , like Bacillus subtilis . Salmonella tvph- 
imurium (as disclosed in U.S. Patent No. 4,727,138) with plasmids that can replicate and express heterologous gene 
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sequences therein. Other expression vectors are illustrated in U.S. Patent No. 4,559,300, for instance. Numerous other 
promoter systems (than the one illustrated herein) can be used like the trg (1 04, 1 05) and Jac (1 04, 1 06) promoters for 
example. All such references are included hereby by reference. 

Likewise, the modified interferons can be produced from vertebrate cell cultures, for instance, a COS-7 line of mon- 
5 key kidney fibroblasts can be used as the host for the production of the modified interferons with appropriate expression 
vectors (see Chapter 63 in reference 1 , for example); other cell lines are suitable and are known. An example of the use 
of a retroviral based vector for expression in eukaryotic cells is given in Chapter 56 of reference 1 . Many other exanples 
of eukaryotic expression vectors have been described (see for example 50, 51, 84-90). 

Vectors useful in the invention to replicate in a transformed host cell have a DNA segment containing afunctional 
10 origin of replication (replicon). Plasmids and phage DNA by their very nature contain replicons facilitating replication in 
a host cell. The vector will have a DNA segment which conveys to a transformable host cell a property useful for selection 
of transformed cells from nontransformed cells. Any of a wide range of properties can be used for selection purposes. 
One of the most commonly used properties is antibiotic resistance, e.g.. tetracycline resistance orampicillin resistance. 

The foregoing two elements generally are present in readily available and recognized cloning vectors. Examples of 
?5 suitable cloning vectors are bacterial plasmids, such as plasmids from E. coll , including pBR322, pMB89, ColEI, pCRI; 
wider host range plasmids, including RP4; phage DNAs, such as lambda, and the like. Most, if not all, of the above-rec- 
ognized vectors already carry the aforedescribed two elements. Of course, as is known, in certain recombinants the 
DNA need not contain a replicon nor an attached marker. 

Thus, any suitable expression vector may be used to express the modified interferons having putative phosphor- 
ic ylation sites in accordance with the invention. 

In accordance with known procedures, the DNA comprises the regulating segments and the coding region. Thus, 
it is evident that the invention is not limited to the particular means of constructing genetic recombinants disclosed as 
illustrations and that one of average skill in the art would without undue experimentation adapt, change or select the 
procedures best suited to his objective. 
25 For techniques and additional materials (vectors, host systems, plasmids, enzymes used in molecular cloning, syn- 

thesis and cloning of cDNA, introduction of plasmid and bacteriophage lambda DNA into E. coll , etc.), see (15) and 
(43), incorporated herein by reference. 

ADDITIONAL GENERAL OBSERVATIONS 

30 

As has been described above, Hu-IFN-oAand Hu-IFN-p cannot be phosphorylated (by thecAMP-dependent bovine 
heart kinase) whereas it has been shown that Hu-IFN-gamma and the corresponding Ra- and Mu-IFN-gamma are 
amenable to phosphorylation without modification of the DNA-sequence (5, 11). 

Thus, in accordance with the invention, additional phosphorylation sites can be introduced into Hu-IFN-gamma to 
3S provide interferon proteins that can be labelled to higher radio-specific activities than proteins, e.g., interferons, with only 
a single phosphorylation site. 

Thus, it is within the contemplation of the invention to increase the number of sites (phosphorylation, thiophospho- 
rylation) in proteins which already have one (or a larger number) of such sites. 

The origin of the phosphorylatable nucleotide sequence can furthermore be varied. Instead of using the PK nucle- 
40 otide sequence corresponding to Hu-IFN-gamma, there may be used a PK sequence corresponding to any other inter- 
feron (such as murine interferon), or for that matter the PK nucleotide sequence is derivable from any other nucleotide 
sequence encoding a protein known to be phosphorylatable. In this manner highly interesting phosphorylatable proteins 
(and phosphorylated proteins) can be made available for practical applications. 

Furthermore, it is within the scope of the invention to radio-label proteins, like Hu-IFN-aA and -p which have not 
45 been phosphorylatable hererofore with a radioactive label which has advantages over iodine labelling. Accordingly, it is 
within the scope of the invention to use the sulfur analogs of the radioactive ATP wherein sulfur is substituted for the 
phosphorus. For instance, the gamma ^^s analog of ATP could be incorporated into the protein at the appropriate rec- 
ognition site. Thus, the invention contemplates the use of the isotopes of sulfur and phosphorus, like ^ss, ^^Q, 3"i R ^^P, 
and 33p. Some of these isotopes have not yet been widely used because they are less readily available or because of 
50 their respective half-life. Lists of isotopes are of course available. Any isotope which can be introduced into a compound 
to be labelled is contemplated by this invention. 

From Table 3 shown below, it can be observed that ^^s with a half-life of 2.87 hours and an energy of 1 . 1 Mev may 
well be an ideal source for irradiation of tumors and other tissues when radiation is deemed appropriate. Proteins phos- 
phorylated with such an isotope with a short half-life of 2.9 hours would have a specific activity about one hundred times 
55 the specific activity that is obtainable with 32p The short half-life of the isotope also has the advantage that it is eliminated 
from the patient within a few days. Furthermore, the ability to generate specific activities one-hundred fold that of 32p 
permits the use of smaller dosages of the proteins so that antigenic side-effects (that is, antibody production to these 
proteins) is minimized. The phosphate produces a p particle with an energy approximately one-seventh that of 32p. 
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The isotope has a half -life of 24.2 days so that a protein phosphorylated with a phosphate analog containing ^sp would 
have approximately one-half the specific activity of the analog labelled with 32p (with a 14.2 day half-life). The 33p ra- 
diation would affect less of the area surrounding the tunnor cells than the derivatives containing 32p. Thus, the use of 
the products of the invention can bring about important beneficial advantages. 

5 

ADDITIONAL APPLICATIONS AND USES OF MODIFIED PROTEINS 

The interferons modified in accordance with the invention by the presence of one or more phosphorylated groups 
- or analogs thereof like sulfur - and proteins so modified, have numerous applications and uses in the biological, 
10 medical, biomedical (including therapeutic and diagnostic), and other sciences. 

It is contemplated that modified proteins in accordance with the invention can have additional specific uses. A few 
illustrations of such uses are described below. 

1. Pharmacokinetics of proteins. 

15 

It Is often useful to follow the fate of Injected proteins in animals and patients. It is shown below that the phosphorus 
attached to some of these proteins Is relatively stable In human and fetal calf serum; thus the pharmacokinetics of 
proteins can be conveniently studied. Thus, phosphorylated proteins are especially well-suited for such applications. 

For uses of the phosphorylated proteins or analogs of the Invention where the protein is expected to be in contact 
20 with human or animal serum, it is necessary that the protein derivative be stable in human or animal serum. The derivative 
protein should be stable in the serum of the species in which the pharmacokinetic studies (or application) are to be 
carried out, or in a serum equivalent, i.e., from the biological point of view, to the serum of the species on which the work 
is to be performed. 

For instance, in the work described above, the phosphate linked to Hu-IFN-aA-PI , -P2, and -P3 is stable in fetal 
25 calf serum at 37°C. In the presence of human serum, the phosphate linked to Hu-IFN-aA-PI and to Hu-IFN-aA-P3 was 
stable at SVC, but tho phosphate linked to Hu-IFN-aA-P2 was labile. After 6 and 16 hours at syc approximately 62% 
and 74% of the phosphate was hydrolyzed from [32p]Hu-IFN-aA-P2. Thus, for applications where the stability of the 
phosphorylated derivative Is critical, a serum-stable derivative will be used. Similar considerations apply to modified 
Hu-IFN-p. For applications where stability In serum is not essential, the serum-unstable phosphorylated ~ or analog ~ 
30 may be used. 

The applications described herein are not limited to proteins phosphorylated at the serine residue; it has been 
described above how kinases phosphorylate other amino acids such as threonine or tyrosine (20, 21 , 23). Thus, proteins 
modified at these amino acids are within the contemplation of the invention. Because of the configuration of such deri- 
vafized labelled proteins, it is not to be excluded that their stability in serum may be improved if the corresponding 
35 serine-phosphorylated derivative is not adequately serum-stable. 

2. General Diagnostic Reagents. 

Additional specific applications of the modified proteins of the invention are noteworthy. As referred to herein, virtually 
40 all proteins can be engineered to introduce single or multiple phosphorylation (or analog) sites. Such proteins can be 
used for a wide variety of scientific purposes: to study the fate of these proteins in animals or humans; to study their 
stabilities; or for use as any laboratory reagent where a radioactive protein is useful. 

For example, molecular weight standards are commonly used for polyacrylamide gel electrophoresis. Proteins with 
phosphorylation sites would make convenient autoradiographic markers such as molecular weight markers, isolectric 
45 focusing markers or other markers. For such applications the serum stability is generally not critical, nor is the retention 
of the biological activity of the protein, e.g., the interferon. Thus, for certain uses or applications it is not essential that 
a phosphorylatable protein in accordance with the invention have biological activity. 

3. Anticancer Therapeutic "Bomb". 

50 

A particularly noteworthy and Interesting application made possible by the Invention is what has been called here 
Inthe vernacular, a therapeutic or more specifically an antitumor "therapeutic radiation bomb". Such a biologically-active 
composition uses biotin coupled to a tumor-specific monoclonal antibody (Mab) (or to Fab or Fab' fragments If more 
appropriate), and a multiple "modified" streptavidin bound to each Mab-bound biotin, each streptavidin being modified 
55 in that it has multiple phosphorylated groups. Since streptavidin is itself a tetramer, multiple radioactive groups are thus 
provided. These multiple radioactive groups expose the tumor with radiation which is greatly amplified and hence more 
readily detectable and would produce greater tumor destruction. In the case where it is highly phosphorylatable it is 
much more easily detectable. Thus, each one of the biotins which is bound to each tumor-specific Mab binds tightly to 
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the multiple streptavidin molecules which in turn contain multiple labelled phosphorus atoms, or their equivalent isotopes. 

It is evident that depending on the therapeutic or diagnostic objectives, all streptavidins may be radioactive-phos- 
phorus labelled or partially or totally radloactive-thiophosphorus labelled, or labelled with different phosphorus or sulfur 
isotopes, which have different decay modes or levels of radiation energy. Such isotopes are discussed below. 
5 Because antibody molecules are themselves multichain molecules, many sites can be introduced Into the antibodies 

or Fab fragments directly by the procedures of this Invention. 

4. Hormones, Cytokines, Lymphokines, Growth Factors. 

10 Hormones labelled with radioactive phosphorus or sulfur are another class of biological materials within the scope 

of this invention. For instance, phosphorylated (e.g., ^sp, 32p) hormones can be bound to specific cell types differentially 
over other tissues. Cancerous tissues containing increased number of receptors for such hormones can be treated with 
appropriately phosphorylated hormones which will then specifically bind to these cells; thus therapy will be significantly 

improved. 

'5 Further, labelled hormones are commonly used for receptor studies to examine their binding to cell surface receptors, 

to soluble receptors or other reagents and materials. 

Typical of the labelled hormones (33p, 32p) contemplated by the invention are growth hormone, insulin, FSH, LH, 

and others. It Is evident such hormones genetically constructed lend themselves to the introduction of one or more 

putative phosphorylatable or thiophosphorylatable groups. 
20 As noted above for hormones, the same considerations apply to cytokines, lymphokines, growth factors (i.e., IL-1 , 

IL-2, IL-3, TNF-a, TNF-p, the various CSF molecules, erythropoietin EGF, NGF and others) and any proteins with cell 

and/or tissue specificity to one degree or another. 

5. Antibodies. 

25 

Streptavidin labcllod by moans of phosphorylation may be usod directly to enhance immunoassays as a substitute 
for unlabelled streptavidin or enzyme-linked unlabelled streptavidin. The invention also contemplates introducing phos- 
phorus or analog labels Into genetically engineered antibodies (see references 93-99], more particularly Mabs, or in the 
Fab or Fab' fragment. Such Mabs are useful for diagnostic and therapeutic purposes. The phosphorylated Mabs can 
30 be made to target specific tumor-associated antigens or a variety of tumors, like breast and colon cancer cells, malignant 
melanoma cells, ovarian carcinoma cells, and other malignant tumors. 

6. Further Therapeutic Uses. 

3S Other uses contemplated in accordance with the invention are as follows: Monoclonal or appropriate cocktails of 

antibodies and/or antibody fragments (such as the Fab or Fab' fragments) are fruitful molecules in which in accordance 
with the invention phosphorylation or other labellable sites can be introduced. The use of 32p in therapy has been dem- 
onstrated for polycythemia vera and other malignancies (116), Thus, it is clear that the high energy p particle is effective 
as an antlcellular agent. The attachment of 32p through the introduction of phosphorylation site(s) in Mabs or their ap- 

40 proprlate fragments (Fab and Fab') would also be effective for the therapy of tumors to which these monoclonal anti- 
bodies are specific. A large number of monoclonal antibodies have been developed to tumor-associated antigens from 
breast, colon, ovarian, and other adenocarcinomas, malignant melanoma, and many other tumors. Thus, Mabs directed 
to the tumor associated antigens of these tumors are expected to be highly effective when labelled with 32p The labelling 
can be increased by use of cassettes of phosphorylation sites or directly by introduction of multiple phosphorylation sites 

45 into the intact protein or the appropriate fragments through genetic engineering. By "cassette" is meant a multifunctional 
moiety 

When multiple labelled phosphorylation sites are introduced in accordance with the invention in Mabs, this may 
reduce the binding specificity and/or affinity of the modified Mabs for the specific epitope targeted. It can be seen that 
under such circumstances the use of a biotinylated Mab linked to the multiple phosphorylated streptavidin (as described 

50 above) has distinct advantages; the specificity of the Mab is not altered and yet the radioactivity of the diagnostic agent 
has been many-fold enhanced. 

The invention also has implications for the preparation of therapeutic agents to which patients are likely to develop 
an adverse antigenic response. Thus, the monoclonal antibodies can be engineered successively in accordance with 
the invention with different phosphorylation sites. When introduced into patients who have become sensitive to or who 

55 are producing antibodies to the injected antibody because of the phosphorylation site, then by changing to a different 
phosphorylation site, the antigenic character of the protein can be modified. Thus, it may be possible to use such anti- 
bodies in multiple successive therapeutic regimens in patients who are reacting with the antibody of the previous type. 
For this purpose a series of antibodies with a variety of phosphorylation sites can be developed. Each series would be 
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designed to have a different epitopic structure and be used sequentially. Alternatively a cocktail of sucli different anti- 
bodies can be used initially so tliat any one is present at a fraction of the total. This would minimize antibody formation 
to any one of the new sites. 

7. Various Isotopes. 

In accordance with the invention, as discussed above, phosphorylated derivatives should be serum-stable for certain 
applications. Various isotopes can be employed that are more effective than others for a specific therapeutic purpose. 
For example, ^Sp may be substituted for -^^p jn the phosphorylation reaction. It is less likely that ^^S with a half-life of 
about 89 days would be normally as useful as an anticellular reagent because it is a low energy p emitter. Nevertheless, 
conceivably there may be specific uses for ^^s labelled monoclonal antibodies in therapy and/or diagnosis. 

Table 3 below shows various isotopes (and other pertinent particulars] which are especially useful for introduction 
into proteins in accordance with the invention. 



Isotopes for Labellable Groups 


Isotope 


Half-Life 


Type of Decay 


Energy of Radiation 


32 p 


14.2 days 




1 .707 Mev 


33p 


24.4 days 


P- 


0.25 Mev 


35S 


87.0 days 


P- 


0.167 Mev 


38s 


2.87 hours 


P- 


1.1 Mev 



Decay factors and radioactivity at any given time is available in the literature. For instance, for comparison 
between 125| and 1 with, on the other hand, 32p and ^^s, reference is made to Appendices, Table A.I .7 (Supplement 
2) in Current Protocols in Molecular Biology, cited (43). 

Thus, the invention provides tailored-designed proteins for specific biological purposes. 

An important implication of this invention is the greater safety of the labelled Mabs due to lower energy emission 
levels and the nature of the radio emission. Specifically, Mabs labelled with 32p or ^sp have significantly lower energy 
emission levels than conventional radio-labels for protein such as ^^^\; moreover, the decay emission of the phosphorus 
and sulfur isotopes (-^^p 33p 35p gptj 383) is beta particles, as compared to gamma rays of ''^^i as are common in 
existing labelling protocols. 

The safety feature of the beta-labelled proteins, e.g., Mabs or streptavidins (as discussed) in accordance with the 
invention, is very significant for diagnostic and therapeutic uses of the invention. Beta emitters penetrate the tumor but 
are not emitted as readily as gamma ray emitters from the patient to surrounding medical staff and non-medical attending 
individuals. 

By selecting ^^S (which has a half-life of 87 days) and the ^ss phosphate ATP analog to 32p one can significantly 
increase the effective radioactive life of the therapeutic agent. 

Thus, the proteins labelled in accordance with the invention have aspectrum of meaningful advantageous properties 
heretofore not readily available. 

The invention is not limited to the use of unstable isotopes. In the future it may be advantageous to label a protein 
with a stable isotope that would be suitable for detection by NMR, nuclear activation, or future developed procedures. 
Nor is it necessary that the label be a "radio" label providing it is an identifiable label. 

8. Radioimmunoassays with Labelled Antigens. 

In accordance with the invention the phosphorylated proteins can be generally used as the radio-labelled compo- 
nent. These radioimmunoassays can be used with polyclonal as well as with monoclonal antibodies. If the introduction 
of a new phosphorylation site into a protein changes the antigenic structure of the protein in the area of the phosphor- 
ylation site, or even at distant linear positions of the protein, and alters the antigenic behavior, the protein in accordance 
with the invention, can be modified to introduce a phosphorylation site at a different position so that the antigenic behavior 
will remain stable and for the protein to bind with the polyclonal or monoclonal antibody of interest. 

Thus, the invention provides considerable versatility regarding the position where the label can be introduced. Gen- 
erally it will be preferred to introduce the phosphorus (or other radio-label) at a site that will not disrupt the antigen-an- 
tibody binding. 
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9. Sandwich Radioimmunoassays. 

In sandwich radioimmunoassays witli monoclonal antibodies, tlie introduction of phosphorylation sites into an an- 
tibody In accordance with the invention Is a sensitive method to follow the binding of the second antibody. Thus, the 

5 sensitivity of such sandwich radioimmunoassays can be Increased substantially. Particularly, when multiple phosphor- 
ylation sites are introduced in accordance with the invention into the protein directly or by the addition of a fusion phos- 
phorylation cassette, the sensitivity of such assays will be increased many-fold. 

Another advantage of the invention is to be noted Because the phosphorylation reaction is gentle, unlike the lodl- 
natlon or other chemical modifications necessary to radio-label proteins with Iodine or other reagents, monoclonal an- 

10 tibodles that are inactivated by the chemical or lodination procedures are not likely to be Inactivated by the phosphor- 
ylation procedure. Thus, the process of the invention allows for the phosphorylation of proteins normally too sensitive 
for labelling with Iodine. The Introduction of a phosphate analog with provides a radio-labelled protein derivative 
with a long half-life (1 .5 times longer than ^^^\ and S times longer than ^^p). Thus, when Mabs are labelled with -^^S, 
they will have a substantially longer shelf-life compared to the 32p or '25| radio-labelled derivatives. 

'5 As discussed above, the invention allows for the selection of the most appropriate labelling isotope, as compared 

toi25|, for instance. 

10. Imaging. 

20 Generally for imaging of tumors or tissues in an animal or a patient, a high energy gamma emitter is generally 

preferable to a high energy p emitter, which by and large would be absorbed by the tissues. However, in certain Imaging 
studies in animals or In patients, Mabs to which 32r 33p or ^^s are attached through introduced phosphorylation sites 
In accordance with the Invention may be useful. 

For example, it can be seen that Mabs labelled with 33p or ^^s could be useful In In vivo studies In which biopsy 

25 specimens are to be examined. The spread of a tumor during surgery could be followed by utilizing a radioisotope 
detector probe to follow the local spread of the tumor and guide the extent of the surgery. In addition, tissue specimens 
which are fixed or frozen can be taken to which these proteins will remain bound (that is, antibodies to the tumor-asso- 
ciated antigens or other ligands). Thus, autoradlographs of tissue sections can provide Information about the extent of 
tumor spread and the extent of binding of specific monoclonal antibodies to tumor-associated antigens can be thoroughly 

30 evaluated. Furthermore, as an in vitro reagent with cells or tissue slices, such labelled antibodies would be highly sen- 
sitive reagents to detect tumor-associated antigens or other antigens by the usual types of assays employed. 

11. Anti-antibodies. 

3S There are many known uses for antl-antlbodles such as anti-mouse, anti-human, anti-sheep, and anti-goat antibod- 

ies, etc. or monoclonal antibodies as single entitles or as a cocktail. Such antibodies can be engineered In accordance 
with the Invention to introduce single or multiple phosphorylation sites and, accordingly labelled with a variety of Isotopes 
as described above. These provide general reagents where anti-antibodies are necessary, particularly in radioimmu- 
noassays, autoradiography or any other reactions in which anti-antibodies are useful. 

40 

12. Rapid Purification of Phosphorylated Proteins. 

The Invention has also applications in separating and purifying proteins. Proteins which are phosphorylated can be 
separated from those which are not; proteins which are more phosphorylated than others can be separated. 

4S For instance, where proteins can be phosphorylated. It is common for only a percentage of the molecules to be 

phosphorylated. The total phosphorylation, of course, can be enhanced by the introduction of multiple phosphorylation 
sites In the protein In accordance with the invention so that few molecules escape phosphorylation. To be able to separate 
the phosphorylated from the non-phosphorylated proteins Is especially useful for molecules with a single phosphorylation 
site where there may be phosphorylated and non-phosphorylated molecules In the population. In this manner, the ef- 

£0 fectiveness of any phosphorylated derivatives is Increased. Separation of phosphorylated from non-phosphorylated 
molecules can be accomplished by developing polyclonal or monoclonal antibodies to the phosphorylation sites with 
and/or without derivatlzed phosphate groups. Such polyclonal and monoclonal antibodies are expected to have consid- 
erable value In purifying the proteins and have been described (see for example 119-124). 

55 13. Dephospliorvlation of Proteins. 

Considerable emphasis has been placed herein on aspects of phosphorylation. It is a consequence of the phos- 
phorylation (with phosphate or thiophosphate groups) that the removal of the label is also facilitated in that dephospho- 
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rylation is a milder procedure whicli tends to be less disruptive of the protein molecule than procedures in the prior art 
for removal oV^^\ from proteins. Thus, in cases where it is useful to remove the radioisotope, this can be achieved 
relatively easily and gently by an enzyme reaction. A variety of phosphatases can be used for this purpose. Most phos- 
phatases have comparatively low specificity (for example, reference 100, pages 192-193, 203, 223-224, 736-739) al- 

5 though a few have very high specif Icity such as those acting on sugar phosphates and the enzyme that dephosphorylates 
glycogen synthetase b and phosphorylase b (47, 100; also reference 101 pages 372-373, for example). Furthermore, 
specific dephosphorylatlon of phosphorylated proteins can be achieved by reversal of the reaction of proteln-serlne and 
-tyrosine kinases (107) If it is necessary to determine whether In fact the phosphate addition causes a change in the 
activity of the protein, rather than aging, denaturation, or other manipulations, the phosphate can be removed and the 

10 activity of the protein again determined. In such a manner, a definitive understanding of the effect of phosphorylation 
on the activity of the protein can be assessed. This may be useful In determining the activities of various phosphorylated 
interferons. 

The concept of "dephosphorylatlon" has an interesting application which Is essentially the "converse" of that taught 
herein. Wherever a site in a protein in the native state is naturally phosphorylatable the removal of that site would be 
'5 particularly desirable when It Is known that the naturally phosphorylatable protein causes some undesired results. An 
Illustration would be proteins associated with oncogenic viruses such as Rous sarcoma virus (RSV) and cellular onco- 
genes. 

14. Phosphorylation Cassettes. 

20 

The invention also contemplates an alternative method for labelling proteins without inserting the coding sequence 
for the phosphorylation site (or cassette) intothe nucleotide coding sequence of the protein, and yet still use the invention. 
This procedure would be particularly useful for large proteins like Immunoglobulins for use in various assays. Such 
alternative method calls for a polypeptide which is phosphorylated to be chemically linked to the large protein. The linking 

25 would be by any bifunctional reagent or an activated derivative (like N-hydroxysuccinimide), as is known in the art. 

This technique could use a polypeptide with multiple phosphorylation sites in tandem or "cassette" that can be 
introduced within or at either end of a protein. The DNA coding for the tandem phosphorylation sites would be flanked 
by restriction sites for easy cleaving and Insertion Into the DNA containing the coding sequence for the protein to be 
linked to the larger protein. Such a phosphorylation cassette could be expressed as a small polypeptide then phospho- 

30 rylated and then chemically linked to the larger protein. 

15. Phosphorylatable Human or Animal Donor Genes. 

Further, it is within the contemplation of the invention to provide DNA sequences engineered into appropriate vectors 
3S or cell lines or even into animals by transgenic techniques. Thus cells or animals could produce phosphorylatable (and/or 
phosphorylated) proteins such as immunoglobulins after phsphorylatlon sites are introduced into the proteins by the 
methods of this invention. Phosphorylatable chimeric antibodies with a mouse variable region and human constant 
region could be developed (93-99). The human antibodies used as the donor molecule would be engineered to contain 
single or multiple phosphorylation sites. Analogously, this could be applied to proteins other than Immunoglobulins. 

40 

16. Use of Phosphorylation Sites to Map Tertiary Structure of Proteins. 

By introducing a small phosphorylation recognition site Into a protein randomly along the entire linear protein chain. 
It will be possible to obtain Information about the tertiary structure of proteins. The sequence encoding the phosphor- 
ous ylatlon site Is Inserted randomly within the DNA sequence encoding the protein of Interest. The insertion must be made 
in such a way that the phosphorylation sequence is In phase with upstream and downstream codons so that an Insertion 
for a phosphorylation site is made without interrupting the phase of translation. The expressed protein, therefore, contains 
the identical linear sequence of the original protein with an insertion of a phosphorylation site in a given position along 
the chain. By generating a large series of insertions (Ideally after every amino acid position of the protein chain), it is 
so possible to determine whether the kinase recognizes the sequence in the context in which it is placed by a simple assay 
to determine the rate and extent of phosphorylation at that position. The rate and extent of phosphorylation depends on 
the accessibility of that site to the phosphoklnase which reflects its position in the tertiary structure (outside. Internal, 
buried, etc.). A complete linear map of the accessibility of the phosphorylation sites along the entire chain will provide 
an outline of the structural features of the protein that are Inside and outside In the tertiary structural configuration. 
55 Insertions of amino acids should be designed to minimize perturbations. In some cases Insertion of a phosphorylation 
site can occur by simply changing one or more amino acids rather than Inserting several amino acids comprising the 
phosphorylation recognition site. 

The generation of such DNA Insertions to make the appropriate variety of insertlonal mutant proteins can be done 
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in many ways. Insertions can be introduced along a protein chain systematically or randomly by methods comparable 
to saturation mutagenesis. Alternatively, rather than generating mutants Irom a given DNA sequence by inserting the 
sequence encoding the phosphorylation site into the DNA, one can generate synthetic oligonucleotides so that the entire 
DNA chain is synthesized de novo. Combinations of these procedures and general cloning strategies could easily pro- 

5 vide an entire bank of new mutant proteins with phosphorylation sites distributed linearly along the chain. 

This procedure provides information about the tertiary structure and folding of the protein in solution. It compliments 
methods such as x-ray crystallography which will provide tertiary structure information of the proteins in the crystal. 
Furthermore, the method will be useful to determine the tertiary structure of proteins which have resisted efforts to obtain 
appropriate crystals for determination of X-ray crystallographic structures 

10 This aspect is an illustration of a protein having numerous putative phosphorylation sites, ideally after each amino 

acid in the sequence of the protein; and the corresponding phosphoryiated protein. Likewise, this is an illustration of a 
DNA sequence encoding the putative phosphorylation site(s) inserted in the DNA sequence encoding the selected 
protein of interest. 

'5 17. Other Applications. 

There are other applications for the labelled proteins of the invention. In general virtually any protein that contains 
a label (radio-label, fluorescent-label, chemical-label, enzyme-label, etc.) can alternatively be labelled with phosphate 
by the introduction of phosphorylation site(s) in accordance with the invention. The purification of such proteins can be 

20 followed in a sensitive assay by simply measuring the ability to accept a phosphate group rather than to follow enzyme 
activity Such proteins engineered in accordance with the invention, therefore, can be purified easily and themselves be 
used as a tracer to follow the purification of other proteins to which they are similar. For example, it is likely that a protein 
with a single phosphorylation site engineered with very little modification of the protein structure itself would be purified 
similarly to the unmodified protein. 

25 In practice, by having a stock of phosphorylatable proteins or series of markers, the labelled derivatives can be 

prepared conveniently by the simple phosphorylation reaction when desired. Thus, the proteins of the invention which 
are phosphorylatable provide a useful inventory of the corresponding labelled proteins. 

18. Piiarmaceutieai and Bioioglcaily Active Compositions. 

30 

The modified proteins of the invention can be formulated according to known methods to prepare pharmaceutically 
useful compositions. For instance, the human alpha interferon-like protein hereof is combined in admixture with a phar- 
maceutically acceptable carrier vehicle. Suitable vehicles and their formulation are described in Remington's Pharma- 
ceutical Sciences by E. W. Martin, which is hereby incorporated by reference. Such compositions will contain an effective 
3S amount of the interferon-like protein or other proteins hereof together with a suitable amount of vehicle in order to prepare 
pharmaceutically acceptable compositions suitable for effective administration to the host. The host can be a mammal 
or not. The carrier may be liquid, solid, or other Of course therapeutic applications for humans and veterinary applications 
are intended for the biologically active compositions of the invention. The biologically active composition of the invention 
is to be administered in a biologically or therapeutically effective amount which can be readily determined by one skilled 
40 in the art. Generally it Is the smallest amount for which a desired response will be obtained to an amount which is 
excessive for practical or other purposes. 

The biologically active compositions of the invention can also include any other biologically active substance which 
does not adversely affect the desired activity, particularly the activity or use of the modified protein of the invention. 

It is understood that the modified proteins of the invention can be obtained by chemical and/or enzymatic synthesis 
45 rather than by recombinant DNA technology. 

While reference has been made to particular preferred embodiments and to several uses and applications made 
possible by the invention, it will be understood that the present invention is not to be construed as limited to such, but 
rather to the lawful scope of the appended claims and subject matter covered by the doctrine of equivalents. 

From the description provided hereinabove it will be appreciated by one skilled in the art that the invention makes 
so a significant and meritorious contribution to the art. 
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Claims 



Claims for the following Contracting States : DE, FR, GB, IT, NL, SE, CH, BE, LU, AT 

1. A protein which is modified to comprise an amino acid sequence recognizable by a protein kinase, which amino 
acid sequence is, as part of the protein, phosphorylatable and was not present, or was unavailable for phosphor- 
ylation, in the unmodified protein. 



2. The phosphorylatable protein of claim 1 wherein the said modification is provided by recombinant DNA techniques. 
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3. The phosphorylatable protein of claim 2 wliicli is a functional protein. 

4. The phosphorylatable protein of claim 2 which is an interferon-like protein selected from the group consisting of an 
interferon-like Hu-IFN-a protein or an interferon-like Hu-IFN-p protein. 

5 

5. The phosphorylatable Hu-IFN-a-like protein of claim 4. 

6. The phosphorylatable Hu-IFN-p-like protein of claim 4. 

10 7. The phosphorylatable Hu-IFN-a of claim 4 wherein the interferon-like Hu-IFN-a protein is afusedHu-IFN-aA/gamma 

protein. 

8. The phosphorylatable fused Hu-IFN-p-like protein of claim 7 which has the amino acid sequence shown schemat- 
ically In FIG. 3. 

75 

9. The phosphorylatable Hu-IFN-a-like protein of claim 5 which is selected from the group of the three amino acid 
sequences shown in FIG. 8 and identified as aA-P1, aA-P2, and aA-P3. 

10. The phosphorylatable Hu-IFN-a of claim 7 wherein the interferon-like Hu-IFN-a protein possesses a biological prop- 
20 erty of Hu-IFN-a and/or of Hu-IFN-gamma. 

11. The phosphorylatable Hu-IFN-a-like protein of claim 4 which possesses a biological property of Hu-IFN-a and/or 
of Hu-IFN-p. 

25 12. The phosphorylatable Hu-IFN-a-like protein or Hu-IFN-p-like protein of claim 4 which comprises an amino acid 
consensus sequence which is recognizable by protein kinase. 

13. The phosphorylatable Hu-IFN-a-like protein of claim 12 which comprises an amino acid consensus sequence which 
is an insert into a phosphorylatable Hu-IFN-a-like protein. 

30 

14. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the amino acid consensus sequence recognizable 
by the protein kinase is fused to the carboxyl terminus of the amino acid sequence of Hu-IFN-a. 

15. The phosphorylatable interferon-like Hu-IFN-a protein of claim 12 which contains at least two amino acid segments, 
3S a first segment which is the amino acid sequence of natural Hu-IFN-a, and a second amino acid segment which 

contains the amino acid consensus sequence which is recognizable by protein kinase, which second segment may 
be incorporated with in or linked to the first amino and segment. 

16. The phosphorylatable Hu-IFN-a-like protein of claim 5 wich is phosphorylated and contains a serum stable phos- 
40 phate. 

17. The phosphorylatable Hu-IFN-a-like protein of claim 5 which upon phosphorylation is stable in human serum. 

18. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the amino acid consensus sequence contains Ser. 

45 

19. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the amino acid consensus sequence contains an 
amino acid selected from the group consisting of Ser, Thr or Tyr. 

20. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the amino acid consensus sequence is 

so Arg-Arg-Ala-Ser-. 

21. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the amino acid consensus sequence contains 
Arg-Arg-Ala-Ser-Xaa, wherein Xaa is selected from the group of Gin, Val or Leu. 

55 22. The phosphorylatable Hu-IFN-a-like protein of claim 12 wherein the protein kinase is the cAMP-dependent protein 
kinase. 



23. The phosphorylatable Hu-IFN-a-like protein of claim 4 which is purified. 
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24. The phosphorylatable Hu-IFN-a-like protein of claim 4 which is phosphorylated with a radioactive label. 

25. The phosphorylatable Hu-IFN-a-like protein of claim 24 wherein the label is a beta ray-emitting atom. 

5 26. The phosphorylatable Hu-IFN-a-like protein of claim 25 wherein the atom is selected from the group consisting of 
phosphorus and sulfur. 

27. The phosphorylatable Hu-IFN-a-IIke protein of claim 26 wherein the radioactive label is ^^p or ^^P. 

10 28. A phosphorylatable Hu-IFN-a-like protein or a Hu-IFN-(i-like protein, the phosphorylated protein being defined in 
any one of claims 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 or 23. 

29. The phosphorylatable Hu-IFN-a-like protein having the amino acid sequence shown in FIG. 3 or one of the amino 
acid sequences identified as aA-P1, aA-P2, and aA-P3, shown in FIG. 8. 

75 

30. The phosphorylatable Hu-IFN-p-like protein of the phosphorylated protein defined in claim 6. 

31 . A recombinant DNA sequence which encodes a protein which has been modified to contain an amino acid consensus 
sequence which Is recognizable by protein kinase, which protein is not phosphorylatable absent said modification. 

20 

32. The recombinant DNA sequence of claim 31 which contains a DNA sequence which encodes a functional protein 
which is normally not phosphorylatable and a DNA sequence which encodes the amino acid consensus sequence 
which is recognizable by protein kinase and which contains the putative labelling site. 

25 33. The recombinant DNA sequence of claim 32 wherein the functional protein is an interferon-like protein selected 
from the group consisting of Hu-IFN-a or Hu-IFN-p. 

34. The recombinant DNA sequence of claim 32 wherein the second nucleotide sequence has one codon which is 
common with the first nucleotide sequence. 

30 

35. A recombinant DNA sequence which is selected from the group consisting of the DNA sequences encoding a protein 
selected from the group consisting of a Hu-IFN-a-like protein or a Hu-IFN-p-like protein, which protein has been 
modified to contain an amino acid consensus sequence recognisable by protein kinase comprising a putative phos- 
phorylatable site. 

3S 

36. The DNA recombinant sequence of claim 35 which encodes a phosphorylatable Hu-IFN-a-like protein. 

37. A recombinant DNA cloning vector useful for expressing an exogenous functional protein which vector includes the 
DNA sequence which encodes a Hu-IFN-a-like protein or a Hu-IFN-p-like protein which protein has been modified 

40 to contain an amino acid consensus sequence recognisable by protein kinase comprising a putative phosphorylation 

site, the phosphorylatable protein being an interferon-like Hu-IFN-a protein or an interferon-like Hu-IFN-p protein. 

38. The cloning vector of claim 37 wherein the encoded protein is the interferon-like protein Hu-IFN-a. 
45 39. The cloning vector of claim 37 wherein the encoded protein is the interferon-like protein Hu-IFN-p. 

40. The cloning vector of claim 37 which contains the DNA sequence coding for a fused Hu-IFN-aA/gamma protein. 

41 . The cloning vector of claim 37 which contains the DNA sequence coding for the modified interferons referred to as 

so -PI , -P2, and -P3 in FIG. 8, respectively. 

42. A transformed host cell capable of expressing a functional protein which host cell contains a recombinant DNA 
vector encoding a Hu-IFN-a-like protein or a Hu-IFN-(3-like protein, which has been modified to contain an amino 
acid consensus sequence recognisable by protein kinase. 

55 

43. A biologically active composition which comprises a biologically compatible carrier and in a biologically effective 
amount, a phosphorylated protein defined in any one of claims 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20,21,22, 23, 24, 25, 26 or 27. 



31 
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44. The phosphorylatable protein of claim 1 wliicli possesses a biological property of the unphosphorylatable protein. 

45. The phosphorylatable protein of claim 1 which contains at least two amino acid segments, a first segment which is 
the amino acid sequence of the unphosphorylatable protein, and a second amino acid segment which contains the 

s amino acid sequence recognizable by the protein kinase, which second segment may be incorporated within or 

linked to the first amino acid segment. 

46. The phosphorylatable protein of claim 1 which is phosphorylated and contains a serum stable phosphate. 
10 47. The protein of claim 1 which is a phosphorylatable monoclonal antibody. 

48. The monoclonal antibody of claim 47 which is a chimeric, a hybrid or a modified monoclonal antibody. 

49. The monoclonal antibody of claim 47 which is tumor-specific. 

75 

50. The monoclonal antibody of claim 47 wherein the site for phosphorylation is in the Fab or Fabi fragment thereof. 

51 . The monoclonal antibody of any one of claims 47 to 50 which is phosphorylated. 
20 52. The monoclonal antibody of any one of claims 47 to 51 which is radiolabelled. 

53. The protein of claim 1 which is a cytokine. 

54. The protein of claim 1 which is tumor necrosis factor (TNF). 

25 

55. The protein of claim 54 which is selected from the group consisting of TNF-a and TNF-p. 

56. A method for producing a phosphorylatable protein from an otherwise unphosphorylatable protein, comprising the 
steps of: 

30 

identifying an amino acid sequence recognizable by a protein kinase (hereafter "PK"); 
defining and constructing a nucleotide sequence which codes for said amino acid PK recognition sequence; 
determining a nucleotide sequence coding for said unphosphorylatable protein; 
constructing a modified nucleotide sequence encoding said phosphorylatable protein: 
3S expressing said modified nucleotide sequence to produce said phosphorylatable protein, 

57. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes affixing said 
nucleotide sequence encoding said amino acid PK recognition sequence to said nucleotide sequence encoding 
said unphosphorylatable protein. 

40 

58. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes introducing 
said nucleotide sequence encoding said amino acid PK recognition sequence in said nucleotide sequence encoding 
said unphosphorylatable protein. 

'fs 59. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
Ser. 

60. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
an amino acid selected from the group consisting of Ser, Thr or Tyr. 

so 

61. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step is 
Arg-Arg-Ala-Ser-. 

62. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
55 Arg-Arg-Ala-Ser-Xaa, wherein Xaa is selected from the group of all amino acids. 

63. The method of claim 56 wherein the protein kinase of said identifying step is the cAMP-dependent protein kinase. 
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64. The method of claim 56 wherein said phosphorylatable protein is phosphorylated with a radioactive label. 



Claims for the following Contracting State : ES 

5 

I . A method for producing a protein which is modified to comprise an amino acid sequence recognizable by a protein 
kinase, which amino acid sequence is, as part of the protein, phosphorylatable and was not present, or was una- 
vailable for phosphorylation, In the unmodified protein. 

10 2. The method of claim 1 wherein the said modification is provided by recombinant DNA techniques. 

3. The method of claim 2 which Is a functional protein. 

4. The method of claim 2 which is an interferon-like protein selected from the group consisting of an interferon-IIke 
'5 Hu-IFN-a protein or an interferon-IIke Hu-IFN-p protein. 

5. The mehtod of Claim 4 wherein the protein is Hu-IFN-a-llke. 

6. The method of Claim 4 wherein the protein is Hu-IFN-p-like. 

20 

7. The method of claim 4 wherein the interferon-IIke Hu-IFN-a protein is a fused Hu-IFN-oA/gamma protein. 

8. The method of Claim 7 wherein the Hu-IFN-p-like protein has the amino acid sequence shown schematically in FIG. 
3. 

25 

9. The method of Claim 7 wherein the Hu-IFN-a-llkc protein is selected from the group of the three amino acid 
sequences shown in FIG. 8 and identified as aA-P1, aA-P2, and aA-P3. 

10. The method of claim 7 wherein the interferon-like Hu-IFN-a protein possesses a biological property of Hu-IFN-a 
30 and/or of Hu-IFN-gamma. 

II. The method of Claim 4 wherein the Hu-IFN-a-like protein possesses a biological property of Hu-IFN-a and/or of 
Hu-|FN-p. 

3S 12. The method of Claim 4 wherein the Hu-IFN-a-IIke protein or Hu-IFN-p-IIke protein comprises an amino acid con- 
sensus sequence which is recognizable by protein kinase. 

13. The method of Claim 12 wherein the Hu-IFN-a-like protein comprises an amino acid consensus sequence which 
is an Insert Into a phosphorylatable Hu-IFN-a-like protein. 

40 

14. The method of Claim 12 wherein the Hu-IFN-a-like protein wherein the amino acid consensus sequence recogniz- 
able by the protein kinase is fused to the carboxyl terminus of the amino acid sequence of Hu-IFN-a. 

15. The method of Claim 12 wherein the interferon-like Hu-IFN-a protein contains at least two amino acid segments, a 
'fs first segment which is the amino acid sequence of natural Hu-IFN-a, and a second amino acid segment which 

contains the amino acid consensus sequence which is recognizable by protein kinase, which second segment may 
be incorporated within or linked to the first amino acid segment. 

16. The method of Claim 5 wherein the Hu-IFN-a-like protein is phosphorylated and contains a serum stable phosphate. 

50 

17. The method of Claim 5 wherein the Hu-IFN-a-lil<;e protein upon phosphorylation is stable in human serum. 

18. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein contains Ser. 

55 19. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein contains an 
amino acid selected from the group consisting of Ser, Thr or Tyr. 
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The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein is 
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21. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-lil<e protein contains 
Arg-Arg-Ala-Ser-Xaa, wherein Xaa is selected from the group of Gin, Val or Leu. 

22. The method of Claim 12 wherein the protein is Hu-IFN-a-like protein and the protein kinase is the cAIVIP-dependent 
protein kinase. 

23. The method of Claim 4 further comprising purifying the phosphorylatable Hu-IFN-cx-like protein. 

24. The method of claim 4 further comprising phosphorylating phosphorylated Hu-IFN-a-like protein with a radioactive 
label. 

25. The method of claim 24 wherein the label is a beta ray-emitting atom. 

26. The method of claim 25 wherein the atom is selected from the group consisting of phosphorus and sulfur. 

27. The method of claim 26 wherein the radioactive label is 32p or 33p. 

28. A method of producing a Hu-IFN-a-like protein or a Hu-IFN-p-like protein, the phosphorylated protein being defined 
in any one of claims 4, 5, 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 1 4, 1 5, 1 6, 1 7, 1 8, 1 9, 20, 21 or 23, the method comprising the 
step of (a) introducing into a protein which is not phosphorylatable an amino acid sequence recognizable by a protein 
kinase for phosphorylation or (b) synthesising the said phosphorylatable protein from amino. 

29. A method of producing The phosphorylatable Hu-IFN-a-like protein having the amino acid sequence shown in FIG. 
3 or one of the amino acid sequences identified as aA-P1 , aA-P2, and aA-P3, shown in FIG. 8^ the method com- 
prising the step of (a) introducing into a protein which is not phosphorylatable an amino acid sequence recognizable 
by a protein kinase for phosphorylation or (b) synthesising the said phosphorylatable protein from amino. 

30. A method of producing The phosphorylatable Hu-IFN-p-like protein of the phosphorylated protein defined in claim 
6, the method comprising the step of (a) introducing into a protein which is not phosphorylatable an amino acid 
sequence recognizable by a protein kinase for phosphorylation or (b) synthesising the said phosphorylatable protein 
from amino. 

31. A method of producing a recombinant DNA sequence which encodes a modified protein as defined in Claim 1 by 
recombinant DNA techniques. 

32. The method of Claim 31 wherein the recombinant DNA sequence contains a DNA sequence which encodes a 
functional protein which is normally not phosphorylatable and a DNA sequence which encodes the amino acid 
consensus sequence which is recognizable by protein kinase and which contains the putative labelling site. 

33. The method of Claim 32 wherein the functional protein is an interferon-like protein selected from the group consisting 
of Hu-IFN-a or Hu-IFN-p. 

34. The method of Claim 32 wherein the second nucleotide sequence has one codon which is common with the first 
nucleotide sequence. 

35. A method for producing a recombinant DNA sequence which is selected from the group consisting of the DNA 
sequences encoding a protein selected from the group consisting of a Hu-IFN-a-like protein or a Hu-IFN-p-like 
protein, which protein has been modified to contain an amino acid consensus sequence recognisable by protein 
kinase comprising a putative phosphorylatable site by recombinant DNA techniques. 

36. The method according to Claim 35 wherein DNA recombinant sequence encodes a phosphorylatable Hu-IFN-a-like 
protein. 

37. A method of producing a recombinant DNA cloning vector useful for expressing an exogenous functional protein 
which vector includes the DNA sequence which encodes a Hu-IFN-a-like protein or a Hu-IFN-p-like protein which 
protein has been modified to contain an amino acid consensus sequence recognisable by protein kinase comprising 
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a putative phosphorylation site, the phosphorylatable protein being an interferon-lilce Hu-IFN-a protein or an inter- 
feron-lil<e Hu-IFN-p protein by recombinant DNA techniques. 

38. The method of claim 37 wherein the encoded protein is the interferon-like protein Hu-IFN-a. 

5 

39. The method of claim 37 wherein the encoded protein is the Interferon-like protein Hu-IFN-p. 

40. The method of claim 37 wherein the cloning vector contains the DNA sequence coding for a fused 
Hu-IFN-aA/gamma protein. 

10 

41 . The method of claim 37 wherein the cloning vector contains tlie DNA sequence coding for the modified Interferons 
referred to as -P1 , -P2, and -PO in FIG. 8. respectively. 

42. A method for producing a transformed host cell capable of expressing a functional protein which host cell contains 
^5 a recombinant DNA vector encoding a Hu-IFN-a-like protein or a Hu-IFN-p-like protein, which has been modified 

to contain an amino acid consensus sequence recognisable by protein kinase comprising transforming the host cell 
with the recombinant DNA vector 

43. A method of making A biologically active composition comprising the steps of admixing a biologically compatible 
20 carrier and a biologically effective amount, a phosphorylated protein as defined In any one of claims 4, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21,22, 23, 24,25, 26 or 27. 

44. A method according to claim 1 wherein The phosphorylatable protein possesses a biological property of the unphos- 

phorylatable protein. 

25 

45. A method according to claim 1 wherein The phosphorylatable protein contains at least two amino acid segments, 
a first segment which Is the amino acid sequence of the unphosphorylatable protein, and a second amino acid 
segment which contains the amino acid sequence recognizable by the protein kinase, which second segment may 
be incorporated within or linked to the first amino acid segment. 

30 

46. A method according to claim 1 wherein The phosphorylatable protein is phosphorylated and contains a serum stable 
phosphate. 

47. A method according to claim 1 wherein The protein is a phosphorylatable monoclonal antibody. 

35 

48. A method according to claim 47 wherein The monoclonal antibody is a chimeric, a hybrid or a modified monoclonal 

antibody 

49. A method according to Claim 47 wherein The monoclonal antibody is tumor-specific. 

40 

50. A method according to Claim 47 wherein the site for phosphorylation is in the Fab or Fabi fragment thereof. 

51 . A method according to any one of claims 47 to 50 further comprising phosphorylating the monocloned antibody. 
4S 52. A method according to any one of claims 47 to 51 further comprising radiolabelling the monoclonal antibody 

53. A method according to Claim 1 wherein the protein is a cytokine. 

54. A method according to Claim 1 wherein the protein is tumor necrosis factor (TNF) or interleukin -3 (IL-3). 

so 

55. A method according to Claim 54 wherein the protein is selected from the group consisting of TNF-a and TNF-p. 

56. A method for producing a phosphorylatable protein from an otherwise unphosphorylatable protein, comprising the 
steps of: 

55 

identifying an amino acid sequence recognizable by a protein kinase (hereafter "PK"); 

defining and constructing a nucleotide sequence which codes for said amino acid PK recognition sequence; 

determining a nucleotide sequence coding for said unphosphorylatable protein 
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constructing a modified nucleotide sequence encoding said pliospliorylatable protein; 
expressing said modified nucleotide sequence to produce said pfiosphorylatable protein. 

57. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes affixing said 
s nucleotide sequence encoding said amino and PK recognition sequence to said nucleotide sequence encoding said 

unphosphorylatable protein. 

58. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes introducing 
said nucleotide sequence encoding said amino acid PK recognition sequence in said nucleotide sequence encoding 

10 said unphosphorylatable protein. 

59. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
Sen 

'5 60. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
an amino acid selected from the group consisting of Ser, Thr or Tyr. 

61. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step is 
Arg-Arg-Ala-Ser-. 

20 

62. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 

Arg-Arg-Ala-Ser-Xaa, wherein Xaa is selected from the group o1 all amino acids. 

63. The method of claim 56 wherein the protein kinase of said identifying step is the cAMP-dependent protein kinase. 

25 

64. The method of claim 56 wherein said phosphorylatable protein is phosphorylated with a radioactive label. 



Claims for the following Contracting State : GR 

30 

1 . A method for producing a protein which is modified to comprise an amino acid sequence recognizable by a protein 
kinase, which amino acid sequence is, as part of the protein, phosphorylatable and was not present, or was una- 
vailable for phosphorylation, in the unmodified protein. 

3S 2. The method of claim 1 wherein the said modification is provided by recombinant DNA techniques. 

3. The method of claim 2 which is a functional protein. 

4. The method of claim 2 which is an interferon-like protein selected from the group consisting of an interferon-like 
40 Hu-IFN-a protein or an interferon-like Hu-IFN-p protein. 

5. The method of Claim 4 wherein the protein is Hu-IFN-a-like. 

6. The method of Claim 4 wherein the protein is Hu-IFN-p-like. 

45 

7. The method of claim 4 wherein the interferon-like Hu-IFN-a protein is a fused Hu-IFN-oA/gamma protein. 

8. The method of Claim 7 wherein the Hu-IFN-p-like protein has the amino acid sequence shown schematically in FIG. 
3. 

so 

9. The method of Claim 7 wherein the Hu-IFN-a-like protein is selected from the group of the three amino acid 
sequences shown in FIG. 8 and identified as aA-P1, aA-P2, and aA-P3. 

10. The method of claim 7 wherein the interferon-like Hu-IFN-a protein possesses a biological property of Hu-IFN-a 
55 and/or of Hu-IFN-gamma. 



11. The method of Claim 4 wherein the Hu-IFN-a-like protein possesses a biological property of Hu-IFN-a and/or of 
Hu-IFN-p. 
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12. The method of Claim 4 wherein the Hu-IFN-a-lil<e protein or Hu-IFN-p-like protein comprises an amino acid con- 
sensus sequence which is recognizable by protein kinase 

13. The method of Claim 12 wherein the Hu-IFN-a-like protein comprises an amino acid consensus sequence which 
5 is an insert into a phosphorylatable Hu-IFN-a-like protein. 

14. The method of Claim 12 wherein the Hu-IFN-a-like protein wherein the amino acid consensus sequence recogniz- 
able by the protein kinase is fused to the carboxyl terminus of the amino acid sequence of Hu-IFN-a. 

10 15. The method of Claim 12 wherein the interferon-like Hu-IFN-a protein contains at least two amino acid segments, a 
first segment which is the amino acid sequence of natural Hu-IFN-a, and a second amino acid segment which 
contains the amino acid consensus sequence which is recognizable by protein kinase, which second segment may 
be incorporated within or linked to the first amino acid segment. 

15 16. The method of Claim 5 wherein the Hu-IFN-a-like protein is phosphorylated and contains a serum stable phosphate. 

17. The method of Claim 5 wherein the Hu-IFN-a-like protein upon phosphorylation is stable in human serum. 

18. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein contains Ser. 

20 

19. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein contains an 
amino acid selected from the group consisting of Ser, Thr or Tyr. 

20. The method of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein is 

25 Arg-Arg-Ala-Ser-. 

21. The mehtod of Claim 12 wherein the amino acid consensus sequence of the Hu-IFN-a-like protein contains 
Arg-Arg-Ala-Ser-Xaa, wherein Xaa Is selected from the group of Gin, Val or Leu. 

30 22. The method of Claim 12 wherein the protein Is Hu-IFN-a-IIke protein and the protein kinase is the cAMP-dependent 
protein kinase. 

23. The method of Claim 4 further comprising purifying the phosphorylatable Hu-IFN-a-like protein. 

35 24. The method of claim 4 further comprising phosphorylating phosphorylated Hu-IFN-a-like protein with a radioactive 
label. 

25. The method of claim 24 wherein the label is a beta ray-emitting atom, 
40 26. The method of claim 25 wherein the atom is selected from the group consisting of phosphorus and sulfur. 

27. The method of claim 26 wherein the radioactive label Is or 33p. 

28. A method of producing a Hu-IFN-a-like protein or a Hu-IFN-p-like protein, the phosphorylated protein being defined 
45 in any one of claims 4, 5, 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 1 4, 1 5, 1 6, 1 7, 1 8, 1 9, 20, 21 or 23, the method comprising the 

step of (a) introducing into a protein which is not phosphorylatable an amino acid sequence recognizable by a protein 
kinase for phosphoxylation or (b) synthesising the said phosphorylatable protein from amino acid precursors. 

29. A method of producing The phosphorylatable Hu-IFN-a-like protein having the amino acid sequence shown in FIG. 
50 3 or one of the amino acid sequences identified as aA-P1 , aA-P2, and aA-P3, shown in FIG. 8, the method com- 
prising the step of (a) introducing into a protein which is not phosphorylatable an amino acid sequence recognizable 
by a protein kinase for phosphorylation or (b) synthesising the said phosphorylatable protein from amino acid pre- 
cursors. 

55 30. A method of producing The phosphorylatable Hu-IFN-p-like protein of the phosphorylated protein defined in claim 
6, the method comprising the step of (a) introducing into a protein which is not phosphorylatable an amino acid 
sequence recognizable by a protein kinase for phosphorylation or (b) synthesising the said phosphorylatable protein 
from amino acid precursors. 
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31 . A recombinant DNA sequence which encodes a modified protein as defined in Claim 1 . 

32. The recombinant DNA sequence of claim 31 which contains a DNA sequence which encodes a functional protein 
which is normally not phosphorylatable and a DNA sequence which encodes the amino acid consensus sequence 

5 which is recognizable by protein kinase and which contains the putative labelling site. 

33. The recombinant DNA sequence of claim 32 wherein the functional protein Is an Interferon-IIke protein selected 

from the group consisting of Hu-IFN-a or Hu-IFN-p. 

10 34. The recombinant DNA sequence of claim 32 wherein the second nucleotide sequence has one codon which is 
common with the first nucleotide sequence. 

35. A recombinant DNA sequence which is selected from the group consisting of the DNA sequences encoding a protein 
selected from the group consisting of a Hu-IFN-a-like protein or a Hu-IFN-|J-like protein, which protein has been 

'5 modified to contain an amino acid consensus sequence recognisable by protein kinase comprising a putative phos- 

phorylatable site. 

36. The DNA recombinant sequence of claim 35 which encodes a phosphorylatable Hu-IFN-a-IIke protein. 

20 37. A recombinant DNA cloning vector useful for expressing an exogenous functional protein which vector includes the 
DNA sequence which encodes a Hu-IFN-a-like protein or a Hu-IFN-p-like protein which protein has been modified 
to contain an amino acid consensus sequence recognisable by protein kinase comprising a putative phosphorylation 
site, the phosphorylatable protein being an interferon-like Hu-IFN-a protein or an interferon-like Hu-IFN-p protein. 

25 38. The cloning vector of claim 37 wherein the encoded protein is the interferon-like protein Hu-IFN-a. 

39. The cloning vector of claim 37 wherein the encoded protein is the interferon-like protein Hu-IFN-p. 

40. The cloning vector of claim 37 which contains the DNA sequence coding for a fused Hu-IFN-aA/gamma protein. 

30 

41 . The cloning vector of claim 37 which contains the DNA sequence coding for the modified interferons referred to as 
-PI , -P2, and -P3 In FIG. 8, respectively. 

42. A transformed host cell capable of expressing a functional protein which host cell contains a recombinant DNA 
3S vector encoding a Hu-IFN-a-like protein or a Hu-IFN-p-like protein which has been modified to contain an amino 

acid consensus sequence recognisable by protein kinase. 

43. A method of making A biologically active composition comprising the steps of admixing a biologically compatible 
carrier and a biologically effective amount, a phosphorylated protein as defined in any one of claims 4, 5, 6, 7, 8, 9, 

40 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 or 27. 

44. A method according to claim 1 wherein The phosphorylatable protein possesses a biological property of the unphos- 

phorylatable protein. 

45 45. A method according to claim 1 wherein The phosphorylatable protein contains at least two amino acid segments, 
a first segment which is the amino acid sequence of the unphosphorylatable protein, and a second amino acid 

segment which contains the amino acid sequence recognizable by the protein kinase, which second segment may 
be incorporated within or linked to the first amino acid segment. 

so 46. A method according to Claim 1 wherein The phosphorylatable protein is phosphorylated and contains a serum 
stable phosphate. 

47. A method according to Claim 1 wherein The protein is a phosphorylatable monoclonal antibody. 

55 48. A method according to Claim 47 wherein The monoclonal antibody is a chimeric, a hybrid or a modified monoclonal 
antibody. 



49. A method according to Claim 47 wherein The monoclonal antibody is tumor-specific. 



EP 0 372 707 B1 



50. A method according to Claim 47 wherein the site for phosphorylation is in the Fab or Fab'' fragment thereof. 

51 . A method according to any one of claims 47 to 50 further comprising phosphorylating the monoclonal antibody. 
5 52. A method according to any one of claims 47 to 51 futher comprising radiolabelling the monoclonal antibody. 

53. A method according to Claim 1 wherein the protein is a cytokine. 

54. A method according to Claim 1 wherein the protein is tumor necrosis factor (TNF) or interleukin-3 (IL-3). 

10 

55. A method according to Claim 54 wherein the protein is selected from the group consisting of TNF-a and TNF-|3. 

56. A method for producing a phosphorylatable protein from an otherwise unphosphorylatable protein, comprising the 

steps of: 

75 

identifying an amino acid sequence recognizable by a protein kinase (hereafter "PK"); 
defining and constructing a nucleotide sequence which codes for said amino acid PK recognition sequence; 
determining a nucleotide sequence coding for said unphosphorylatable protein; 
constructing a modified nucleotide sequence encoding said phosphorylatable protein; 
20 expressing said modified nucleotide sequence to produce said phosphorylatable protein. 

57. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes affixing said 
nucleotide sequence encoding said amino acid PK recognition sequence to said nucleotide sequence encoding 

said unphosphorylatable protein. 

25 

58. The method of claim 56 wherein said step of constructing said modified nucleotide sequence includes introducing 
said nucleotide sequence encoding said amino acid PK recognition sequence in said nucleotide sequence encoding 
said unphosphorylatable protein. 

30 59. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
Ser. 

60. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
an amino acid selected from the group consisting of Ser, Thr or Tyr. 

35 

61. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying strip is 

Arg-Arg-Ala-Ser-. 

62. The method of claim 56 wherein said amino acid PK recognition sequence identified in said identifying step contains 
40 Arg-Arg-Ala-Ser-Xaa, wherein Xaa is selected from the group of all amino acids. 

63. The method of claim 56 wherein the protein kinase of said identifying step is the cAMP-dependent protein kinase. 

64. The method of claim 56 wherein said phosphorylalable protein is phosphorylated with a radioactive label. 

45 

Patentanspriiche 



so Patentanspriiche fiir folgende Vertragsstaaten : DE, FR, GB, IT, NL, SE, CH, BE, LU, AT 

1. Protein, welches derart modifiziert ist, da3 es einedurch eine Protelnkinase erkennbare, alsTeil des Proteins phos- 
phorylierbare und indemnicht modifizierten Protein nichtvorhandeneoderfur die Pliosphorylierungnichtverfugbare 
Aminosauresequenz umfasst. 



Phosphorylierbares Protein nach Anspruch 1, wobei fur die Modifikation durch rekombinante DNA-Techniken 
gesorgt wurde. 
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Phosphorylierbares Protein nach Anspruch 2, bei welchem es sich um ein funktionelles Protein handelt. 

Phosphorylierbares Protein nacli Ansprucli 2, bei dem es sicli um ein interferonartiges Protein, ausgewalilt aus der 
Gruppe ein interferonartiges Hu-IFN-a Protein Oder ein interferonartiges Hu-IFN-p Protein fiandelt. 

Pliosphorylierbares Hu-IFN-a-artiges Protein nacfi Ansprucli 4. 

Phospliorylierbares Hu-IFN-p-artiges Protein nacli Ansprucfi 4. 

Phospliorylierbares Hu-IFN-a Protein nacPi Ansprucfi 4, wobei es sich bei dem interferonartigen HU-IFN-a Protein 
um ein fusioniertes Hu-IFN-aA/gamma Protein liandelt. 

Phospliorylierbares fusioniertes Hu-IFN-p-artiges Protein nach Anspruch 7, welches die schematisch in Figur 3 
dargestellte Aminosauresequenz aufweist. 

Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 5, welches aus der Gruppe der drei in Figur 8 darge- 
stellten Aminosauresequenzen ausgewahit und als aA-P1, c(A-P2 und aA-P3 identifiziert ist. 

10. Phosphorylierbares Hu-IFN-a. Protein nach Anspruch 7, wobei das interferonartige Hu-IFN-a protein eine biologi- 
sche Eigenschaft von Hu-IFN-a und/oder von Hu-IFN-gamma aufweist. 

11 . Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 4, welches eine biologische Eigenschaft von Hu-IFN-a 
und/oder von Hu-IFN-p aufweist. 

12. Phosphorylierbares Hu-IFN-a-artiges Protein oder Hu-IFN-p-artiges Protein nach Anspruch 4, welches eine durch 
eine Proteinkinase erkennbare Aminosaurekonsenssequenz umfaBt. 

13. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, welches eine ein Insert in ein phosphorylierbares 
Hu-IFN-a-artiges Protein darstellende Aminosaurekonsenssequenz umfaBt. 

14. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei die durch die Proteinkinase erkennbare 
Aminosaurekonsenssequenz mit dem Carboxylende der Aminosauresequenz von Hu-IFN-a fusioniert ist. 

15. Phosphorylierbares interferonartiges Hu-IFN-a Protein nach Anspruch 12, welches mindestens zwei Aminosaure- 
segmente, namlich ein erstes Segment, bei dem es sich um die Aminosauresequenz von naturlichem Hu-IFN-a 
handelt, und ein zweites Aminosauresegment, das die durch Proteinkinase erkennbare Aminosaurekonsensse- 
quenz enthalt, aufweist, wobei das zweite Segment in das ersle Aminosauresegment eingebaut oder mit diesem 
verbunden sein kann. 

16. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 5, welches phosphoryliert ist und ein serumstabiles 
Phosphat enthalt. 

17. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 5, welches nach der Phosphorylierung in Humanse- 
rum stabil ist. 

18. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei die Aminosaurekonsenssequenz Ser ent- 
halt. 

19. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei die Aminosaurekonsenssequenz eine Ami- 
nosaure, ausgewahit aus der Gruppe Ser, Thr oder Tyr, enthalt. 

20. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei die Aminosaurekonsenssequenz 

Arg-Arg-Ala-Ser- ist. 

21. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei die Aminosaurekonsenssequenz 
Arq-Arg-Ala-Ser-Xaa mit Xaa ausgewahit aus der Gruppe Gin, Val oder Leu enthalt. 

22. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 12, wobei es sich bei der Proteinkinase um die 
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cAMP-abhangige Proteinkinase handelt. 

23. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 4 in gereinigter Form. 

24. Pliosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 4, das mit einer radioaktlven Marlcierung phosphory- 
liert ist. 

25. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 24, wobei es sich bei der IVIarkierung um ein p-Strah- 
lung emittierendes Atom handelt. 

26. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 25, wobei das Atom aus der Gruppe Phosphor und 
Schwefel ausgewahit ist. 

27. Phosphorylierbares Hu-IFN-a-artiges Protein nach Anspruch 26, wobei es sich bei der radioaktlven Markierung 
um 32p Oder ^^P handelt. 

28. Phosphorylierbares Hu-IFN-a-artiges Protein oder Hu-IFN-p-artiges protein, wobei das phosphorylierte Protein der 
Definition gemaR einem der Anspruche 4, 5, 6, 7, 8, 9, 1 0, 1 1 , 1 2, 1 3, 1 4, 1 5, 1 6, 1 7, 1 8, 1 9, 20, 21 oder 23 entspricht. 

29. Phosphorylierbares Hu-IFN-a-artiges Protein mit der in Figur 3 dargestellten Aminosauresequenz oder einer der 
als A-P1 , aA-P2 und aA-P3 identifizierten und in Figur 8 dargestellten Aminosauresequenzen. 

30. Phosphorylierbares Hu-IFN-p-artiges Protein dee phosphorylierten Proteins gemaB Anspruch 6. 

31 . Rekombinante DN A-Sequenz mit Kodierung fur ein modif iziertes Protein nach Anspruch 1 . 

32. Rekombinante DNA-Sequenz nach Anspruch 31 , enthaltend eine DNA-Sequenz mit Kodierung fur ein funktionelles 
Protein, welches normalerweise nicht phorphorylierbar ist, und eine DNA-Sequenz mit Kodierung fur die Amino- 
saurekonsenssequenz, die durch eine Proteinkinase erkennbar ist und die mutmal3liche Markierungsstelle enthalt. 

33. Rekombinante DNA-Sequenz nach Anspruch 32, wobei es sich bei dem funktionellen Protein um ein interferonar- 
tiges Protein aus der Gruppe Hu-IFN-a oder Hu-IFN-p handelt. 

34. Rekombinante DNA-Sequenz nach Anspruch 32, wobei die Zweite Nukleotidsequenz ein mit der ersten Nukleotid- 
sequenz gemeinsames Kodon aufweist. 

35. Rekombinante DNA-Sequenz, ausgewahit aus der Gruppe DNA-Sequenzen mit Kodierung fur ein Protein, ausge- 
wahit aus der Gruppe Hu-IFN-a-artiges Protein oder Hu-IFN-p-artiges Protein, wobei das Protein derart modifiziert 
wurde, daR es eine durch eine Proteinkinase erkennbare Aminosaurekonsenssequenz mit einer mutmaBlichen 
phosphorylierbaren Stelle enthalt. 

36. Rekombinante DNA-Sequenz nach Anspruch 35 mit Kodierung fur ein phosphorylierbares Hu-IFN-a-artiges Protein. 

37. Rekombinanter DNA-Klonierungsvektor mit der Eignung zum Exprimieren eines exogenen funktionellen Proteins, 
wobei der Vektor die DNA-Sequenz mit Kodierungfur ein Hu-IFN-a-artiges Protein Oder ein Hu-IFN-p-ar1iges Protein 
beinhaltet, das Protein derart modifiziert wurde, dal3 es eine durch eine Proteinkinase erkennbare Aminosaurekon- 
senssequenz mit einer mutmafBlichen Phosphorylierungsstelle enthalt und das phosphorylierbare Protein aus einem 
interferonartigen Hu-IFN-a Protein oder einem interferonartigen Hu-IFN-|3 Protein besteht. 

38. Klonierungsvektor nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein 
Hu-IFN-a handelt. 

39. Klonierungsvektor nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein 
Hu-IFN-p handelt. 

40. Klonierungsvektor nach Anspruch 37, enthaltend die DNA-Sequenz mit Kodierung fur ein fusioniertes 
Hu-IFN-aA/gamma Protein. 
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41. Klonierungsvektor nach Anspruch 37, enthaltend die DNA-Sequenz mil Kodierung fur die in Figur B mit -PI, -P2 
und bzw. -P3 bezeichneten modifizierten Interferone. 

42. Transformierte Wirtzelle mit der Fahigkeit zum Exprimieren des funktlonellen Proteins, wobei die Wirtzelle einen 
5 rekombinanten DNA-Vektor mit Kodierung fOr ein Hu-IFN-a -artlges Protein Oder ein Hu-IFN-p-artlges Protein, wel- 
ches derart modifiziert wurde, daB es eine durcln eine Proteinkinase erkennbare Aminosaurekonsenssequenz ent- 
halt, enthalt. 

43. Biologisch aktive Zusammensetzung, umfassend einen biologisch vertraglichen Trager und - in biologisch wirksa- 
10 mer Menge - ein pliosplioryliertes Protein nacli einem der Anspruche 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

1 8, 1 9, 20, 21 , 22, 23, 24, 25, 26 Oder 27. 

44. Pinosplioryiierbares Protein nacli Ansprucli 1, welclnes eine biologische Eigenschaft des niclnt phospliorylierbaren 
Proteins aufweist. 

75 

45. Phospliorylierbares Protein nacin Ansprucii 1, entlialtend mindestens zwei Aminosauresegmente, namlicli ein 
erstes Segment, bei dem es sicli um die Aminosauresequenz des nicht phospliorylierbaren Proteins liandelt, und 
ein zweites Aminosauresegment, welclies die durcln die Proteinkinase erkennbare Aminosauresequenz entlialt, 
wobei das zweite Segment in das erste Aminosauresegment eingebaut oder mit diesem verbunden sein kann. 

20 

46. Pliosphoryllerbares Protein nach Anspruch 3, welches phosphoryliert ist und ein serumstabiles Phosphat enthalt. 

47. Pliosphorylierbares Protein nach Anspruch 1, bei dem es sich um einen phosphorylierbaren monoklonalen Anti- 

korper handelt. 

25 

48. IVIonoklonaler Antikcjrpcr nach Anspruch 47, bei welchem es sich um eine Chimare, einen Hybrid Oder modifizieren 
monoklonalen Antlkorper handelt. 

49. Monoklonaler Antlkorper nach Anspruch 47, welcher Tumorspezifisch ist. 

30 

50. Monoklonaler Antlkorper nach Anspruch 47, wobei die Phosphorylierungsstelle in dem Fab- oder dem Fab^ -Frag- 
ment hiervon enthalten ist. 

51. Monoklonaler Antlkorper nach eInem der Anspruche 47 bis 50, welcher phosphoryliert ist. 

35 

52. Monoklonaler Antlkorper nach eInem der Anspruche 47 bis 51 , welcher radioaktiv marklert ist. 

53. Protein nach Anspruch 1 , bei dem es sich um ein Zytokin handelt. 

40 54. Protein nach Anspruch 1 , bei welchem es sich um den Tumornekrose-Faktor (TNF) oder lnterleukin-3 (I L-3) handelt. 

55. Protein nach Anspruch 54, ausgewahit aus der Gruppe TNF-a und TNF-p. 

56. Verlahren zur Herstellung eines phosphorylierbaren Proteins aus einem ansonst nicht phosphorylierbaren Protein, 
45 umfassend folgende Stufen: 

Identlfizleren einer durch eine Proteinkinase (im folgenden als "PK" bezeichnet) erkennbaren Aminosaurese- 
quenz; 

so Deflnieren und konstruieren eIner Nukleotldsequenz mit kodierung fur die Aminosaure-PK-Erkennungsse- 

quenz; 

Bestlmmen eIner Nukleotldsequenz mit Kodierung fur das nicht phosphorylierbare Protein; 
55 Konstruieren einer modifizierten Nukleotidsequenz mit Kodierung fur das phosphorylierbare Protein und 

Exprimieren der modifizierten Nukleotidsequenz zur Produktlon des phosphorylierbaren Proteins. 
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57. Verfahren nach Anspruch 56, wobei die Stufe der Konstruktion der modifizierten Nukleotidsequenz ein Anhangen 
der Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungssequenz an die Nukleotidsequenz mit 
Kodierung fur das nicht phiospliorylierbare Protein beinhialtet. 

5 58. Verfahren nacfi Anspruchi 56, wobei die Stufe der Konstruktion der modifizierten Nukleotidsequenz sine EinfOgung 
der Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungssequenz in die Nukleotidsequenz mit 
Kodierung fur das nicht phorphorylierbare Protein beinhaltet. 

59. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
10 quenz Ser enthalt. 

60. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz eine Aminosaure, ausgewahit aus der Gruppe Ser, Thr oder Tyr enthalt. 

'5 61. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PX-Erkennungsse- 
quenz aus Arg-Arg-Ala-Ser- besteht. 

62. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizieren Aminosaure-PK-Erkennungsse- 
quenz Arg-Arg-Ala-Ser-Xaa, mit Xaa ausgewahit aus der Gruppe samtlicher Aminosauren, enthalt. 

20 

63. Verfahren nacli Anspruch 56, wobei as sich bei der Proteinkinase der Identifizierungsstufe urn die cAIVIP-abhangige 
Proteinkinase liandelt. 

64. Verfahren nach Anspruch 56, wobei das phosphorylierbare Protein mit einer radioaktiven Markierung phosphoryliert 

25 ist. 



Patentanspriiche fur folgenden Vertragsstaat : ES 

30 1. Verfahren zur Herstellung eines Proteins, welches derart modifiziert ist, daB es eine durch eine Proteinkinase 
erkennbare, als Tell des Proteins phosphorylierbare und in dem nicht modifizierten Protein nicht vorhandene oder 
fur die Phosphorylierung nicht verfugbare Aminosauresequenz umfaBt. 

2. Verfahren nach Anspruch 1 , wobei fur die IVIodifikation durch rekombinante DNA-Techniken gesorgt wurde. 

3S 

3. Verfahren nach Anspruch 2, wobei es sich bei dem Protein um ein funktionelles Protein handelt. 

4. Verfahren nach Anspruch 2, wobei es sich bei dem Protein um ein interferonartiges Protein, ausgewahit aus der 
Gruppe ein interferonartiges Hu-IFN-a Protein oder ein interferonartiges Hu-IFN-p Protein handelt. 

40 

5. Verfahren nach Anspruch 4, wobei das Protein Hu-IFN-a-artig ist. 

6. Verfahren nach Anspruch 4, wobei das Protein Hu-IFN-|i-artig ist. 

'fs 7. Verfahren nach Anspruch 4, wobei es sich bei dem interferonartigen Hu-IFN-a Protein um ein fusioniertes 
Hu-IFN-aA/gamma Protein handelt. 

8. Verfahren nach Anspruch 7, wobei das Hu-IFN-p-artige Protein die schematisch in Figur 3 dargestellte Aminosau- 
resequenz aufweist. 

so 

9. Verfahren nach Anspruch 7, wobei das Hu-IFN-a-artige Protein aus der Gruppe der in FigurSdargestellten und als 

aA-P1, 

aA-P2 und aA-P3 identifizierten drei Aminosauresequenzen ausgewahit ist. 

55 10. Verfahren nach Anspruch 7, wobei das interferonartige Hu-IFN-a protein eine biologische Eigenschaft von Hu-IFN-a 
und/oder von Hu-IFN-gamma aufweist. 

11 . Verfahren nach Anspruch 4, wobei das Hu-IFN-a-artige Protein eine biologische Eigenschaft von Hu-IFN-a und/oder 
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von Hu-IFN-p aufweist. 

12. Verfahren nach Anspruch 4, wobei das Hu-IFN-a-artige Protein Oder Hu-IFN-p-artige Protein eine durch eine Pro- 
teinl^inase erl^ennbare Aminosaurekonsenssequenz umfa3t. 

5 

13. Verfahren nach Anspruch 12, wobei das Hu-IFN-a-artige Protein eine ein Insert in ein phosphoryllerbares 
Hu-IFN-a-artiges Protein darstellende Aminosaurekonsenssequenz umfaBt. 

14. Verfahren nach Anspruch 12, wobei beidem Hu-IFN-a-artigen protein die durch die Proteinkinase erkennbare Ami- 
10 nosaurekonsenssequenz mit dam Carboxylende der Aminosauresequenz von Hu-IFN-a fusioniert ist. 

15. Verfahren nach Anspruch 12, wobei das interferonartige Hu-IFN-a Protein mindestenszwei Aminosauresegmente, 
namlich ein erstes segment, bei dem es sicli um die Aminosauresequenz von naturlichem Hu-IFN-a handelt, und 
ein zweites Aminosauresegment, das die durch Proteinkinase erkennbare Aminosaurekonsenesequenz enthalt, 

'5 aufweist, und wobei das zwelte Segment in das erste Aminosauresegment eingebaut Oder mit diesem verbunden 

sein kann. 

16. Verfahren nach Anspruch 5, wobei das Hu-IFN-a-artige Protein phosphoryliert ist und ein serumstabiles Phosphat 
enthalt. 

20 

17. Verfahren nach Anspruch 5, wobei das Hu-IFN-a-artige Protein nach der Phosphorylierung in Humanserum stabil 
ist. 

18. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins Ser enthalt. 

19. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins eine Amino- 
saure, ausgewahit aus der Gruppe Ser, Thr Oder Tyr, enthalt. 

20. Verfahren nach Anspruch 12, wobei die Aminonaurekonsenssequenz des Hu-IFN-a-artigen Proteins aus 
Arg-Arg-Ala-Ser- besteht. 

21. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins 
Arg-Arg-Ala-Ser-Xaa mit Xaa ausgewahit aus der Gruppe Gin, Val oder Leu enthalt. 

22. Verfahren nach Anspruch 12, wobei das Protein aus einem Hu-IFN-a-artigen Protein und die Proteinkinase aus der 
cAMP-abhangigen Proteinkinase bestehen. 

23. Verfahren nach Anspruch 4., weiterhin umfassend die Reinigung des phosphorylierbaren Hu-IFN-a-artigen Proteins. 

24. Verfahren nach Anspruch 4, waiter umfassend die Phosphorylierung des phosphorylierbaren Hu-IFN-a-artigen Pro- 
teins mit einer radioaktiven Markierung. 

25. Verfahren nach Anspruch 24, wobei es sich bei der IVIarkierung um ein p-Strahlung emittierendes Atom handelt. 

26. Verfahren nach Anspruch 25, wobei das Atom aus der Gruppe Phosphor und Schwefel ausgewahit ist. 

27. Verfahren nach Anspruch 26, wobei es sich bei der radioaktiven IVIarkierung um 32p oder 33p handelt. 

28. Verfahren zur Herstellung eines Hu-IFN-a-artigen Proteins oder eines Hu-IFN-|i-artigen Proteins, wobei das phos- 
phorylierte Protein der Definition gemaB einem der Anspruche 4., 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21 Oder 23 entspricht und das Verfahren folgende Stufen umfaBt: 

(a) Einfuhren einer durch eine Proteinkinase zur Phosphorylierung erkennbaren Aminosauresequenz in ein 
nicht phosphoryllerbares Protein oder 

55 

(b) Synthese des phosphorylierbaren Proteins aus Aminosaurevorlaufern. 

29. Verfahren zur Herstellung des phosphorylierbaren Hu-IFN-a -artigen Proteins mit der in Figur 3 dargestellten Ami- 
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nosauresequenz oder einer der als aA-P1 , aA-P2 und aA-P3 identif izierten und in Figur 8 dargestellten Aminosau- 
resequenzen, wobei das Verfahren folgende Stufen umfaBt: 

(a) Einfuhren einer durch eine Proteinlcinase zur Pliospliorylierung erkennbaren Aminosauresequenz in ein 
5 nicht pliospliorylierbares Protein oder 

(b) Synthese des phospliorylierbaren Proteins aus Aminosaurevorlaufern. 

30. Verfahren zur Herstellung eines phospliorylierbaren Hu-IFN-p-artigen Proteins des pliospliorylierten Proteins 
10 gemaB Ansprucli 6 wobei das Verfaliren folgende Stufen umfaBt: 

(a) Einfulnren einer durcfi eine Proteinlcinase zur Plnospliorylierung erkennbaren Aminosauresequenz in ein 
nichit plnospliorylierbares Protein oder 

'5 (b) Syntiiese des pliospliorylierbaren Proteins aus Aminosaurevorlaufern. 

31. Verfahren zur Herstellung einer rekombinanten DNA-Sequenz mit Kodierung fur ein modifiziertes Protein gemaB 
der Definition von Anspruch 1 durch rekombinante DNA-Technik. 

20 32. Verfahren nach Anspruch 31 , enthaltend eine DNA-Sequenz mit Kodierung fur ein funktionelles Protein, welches 
normalerweise nicht phosphorylierbar ist, und eine DNA-Sequenz mit Kodierung fur die Aminosaurekonsensse- 
quenz, die durch eine Proteinkinase erkennbar ist und die mutmaBliche f^arkierungsstelle enthalt, 

33. Verfahren nach Anspruch 32, wobei es sich bei dem funktionellen Protein um ein interferonartiges Protein, ausge- 
25 wahit aus der Gruppe Hu-IFN-a oder Hu-IFN^P handelt. 

34. Verfahren nach Anspruch 32, wobei die zweiteNukleotidsequenz ein mit der ersten Nukleotidsequenzgemeinsames 
Kodon aufweist. 

30 35. Verfahren zur Herstellung einer rekombinanten DNA-Sequenz, ausgewahit aus der Gruppe DNA-Sequenzen mit 
Kodierung fur ein Protein, ausgewahit aus der Gruppe Hu-IFN-a -artiges Protein oder Hu-IFN-p-artiges Protein, 
wobei das Protein Tierart modifiziert wurde, daB es eine durch eine Proteinkinase erkennbare Aminosaurekonsen- 
sequenz mit einer mutmaBlichen phosphorylierbaren Stelle enthalt, durch rekombinante DNA-Techniken. 

35 36. Verfahren nach Anspruch 35, wobei die rekombinante DNA-Sequenz fur ein phosphorylierbares Hu-IFN-a-artiges 
Protein kodiert. 

37. Verfahren zur Herstellung eines rekombinanten DNA-Klonierungsvektors mit der Eignung zum Exprimieren eines 
exogenen funktionellen Proteine, wobei der Vektor die DNA-Sequenz mit Kodierung fur ein Hu-I FN-a-artiges Protein 
40 Oder ein Hu-IFN-p-artiges Protein beinhaltet, das Protein derart modifiziert wurde, daB es eine durch eine Protein- 

kinase erkennbare Aminosaurekonsenssequenz mit einer mutmaBlichen Phosphorylierungsstelle enthalt und das 
phosphorylierbare Protein aus einem interferonartigen Hu-IFN-a Protein oder einem interferonartigen Hu-IFN-p 
Protein besteht, durch rekombinante UNA-Techniken. 

'fs 38. Verfahren nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein Hu-IFN-a 
handelt. 

39. Verfahren nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein Hu-IFN-p 
handelt. 

so 

40. Verfahren nach Anspruch 37, wobei der Klonierungsvektor die DNA-Sequenz mit Kodierung fur ein fusioniertes 
Hu-IFN-a A/gamma Protein enthalt. 

41. Verfahren nach Anspruch 37, wobei der Klonierungsvektor die DNA-Sequenz mit Kodierung fur die in Figur 8 mit 
55 -PI , -P2 und bzw. -P3 bezeichneten modifizierten Interferone enthalt. 

42. Verfahren zur Herstellung einer transformierten Wirtzelle mit der Fahigkeit zum Exprimieren des funktionellen Pro- 
teins, wobei die Wirtzelle einen rekombinanten DNA-Vektor mit Kodierung fur ein Hu-IFN-a-artiges Protein oder ein 
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Hu-IFN-p-artiges Protein, welches derart modifiziert wurde, daB es eine durch eine Proteinkinase erkennbare Ami- 
nosaurekonsenssequenz enthalt, aufweist, umfassend die Transformation der wirtzelle mit dem rekombinanten 
DNA-Vektor. 

5 43. Verfahren zurZubereitung einer biologisch aktlven Zusammensetzung, umfassend die Stufe des Vermlschen eines 
biologischi vertraglichien Tragers und einer biologiscli wirksamen IVIenge eines pliospfiorylierten Proteins entspre- 
chendder Definition gemaB einem der Anspruclie 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

23, 24, 25, 26 oder27. 

10 44. Verfaliren nacli Ansprucli 1 , wobei das phosphiorylierbare Protein eine biologische Eigenscliaft des nicht pfiospho- 

tylierbaren Proteins aufweist. 

45. Verfaliren nacin Ansprucin 1 , wobei das phospfiorylierbare Protein mindestens zwei Aminosauresegmente, namlich 
ein erstes Segment, bei dem es sich um die Aminosauresequenz des nicht phosphorylierbaren Proteins handelt, 

'5 und ein zweites Aminosauresegment, welchies die durcfi die Proteinkinase erkennbare Aminosauresequenz entfialt, 

wobei das zweite Segment in das erste Aminosauresegment eingebaut Oder mit diesem verbunden sein kann. 

46. Verfahiren nach Ansprucli 1 , wobei das phosphorylierbare Protein pliospfioryliert ist und ein serumstabiles Pliospfiat 
entfialt. 

20 

47. Verfaliren nach Anspruch 1, wobei das Protein aus einem Phosphorylierbaren monoklonalen Antikorper besteht. 

48. Verfahren nach Anspruch 47, wobei der monoklonale Antikorper aus einer Chimare, einem Hybrid oder modifizierten 
monoklonalen Antikorper besteht. 

25 

49. Verfahren nach Anspruch 47, wobei der monoklonale Antikorper Tumor-spezifisch ist. 

50. Verfahren nach Anspruch 47, wobei die Phosphoryliezungsstelle in dem Fab- Oder dem Fabi -Fragment hiervon 
enthalten ist. 

30 

51. Verfahren nach einem der Anspruche 47 bis 50, weiterhin umfassend die Phosphorylierung des monoklonalen 
Antikorpers. 

52. Verfahren nach einem der AnsprOche 47 bis 51 , weiter umfassend eine radioaktive Markierung des monoklonalen 

3S Antikorpers. 

53. Verfahren nach Anspruch 1, wobei das Protein aus einem Zytokin besteht. 

54. Verfahren nach Anspruch 1, wobei das Protein aus dem Tumornekrose-Faktor (TNF) oder lnterleukin-3 (IL-3) 
40 besteht. 

55. Verfahren nach Anspruch 54, wobei das Protein aus der Gruppe TNF-a und TNF-p ausgewahit ist. 

56. Verfahren zur Herstellung eines phosphorylierbaren Proteins aus einem ansonst nicht phosphorylierbaren Protein, 
45 umfassend folgende Stufen: 

Identifizieren einer durch eine Proteinkinase (im folgenden als "PK" bezeichnet) erkennbaren Aminosaurese- 
quenz; 

so Definieren und konstruieren einer Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungsse- 

quenz; 

Bestimmen einer Nukleoltidsequenz mit Kodierung fur das nicht phosphorylierbare Protein; 
55 Konstruieren einer modifizierten Nukleotidsequenz mit Kodierung fur das phosphorylierbare Protein und 

Exprimieren der modifizierten Nukleotidsequenz zur Produktion das phosphorylierbaren Proteins. 
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57. Verfahren nach Anspruch 56, wobei die Stufe der Konstruktion der modifizierten Nukleotidsequenz ein Anhangen 
der Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungssequenz an die Nukleotidsequenz mit 
Kodierung fur das nicht phiospliorylierbare Protein beinhialtet. 

5 58. Verfahren nacfi Anspruchi 56, wobei die Stufe der Konstruktion der modifizierten Nukleotidsequenz sine EinfOgung 
der Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungssequenz in die Nukleotidsequenz mit 
Kodierung fur das nicht phosphorylierbare Protein beinhaltet. 

59. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
10 quenz Ser enthalt. 

60. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz eine Aminosaure, ausgewahit aus der Gruppe Ser, Thr oder Tyr enthalt. 

'5 61. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz aus Arg-Arg-Ala-Ser- besteht. 

62. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz Arg-Arg-Ala-Ser-Xaa, mit Xaa ausgewahit aus der Gruppe samtlicher Aminosauren, enthalt. 

20 

63. Verfahren nacli Anspruch 56, wobei as sich bei der Proteinkinase der Identifizierungsstufe urn die cAIVIP-abhangige 
Proteinkinase liandelt. 

64. Verfahren nach Anspruch 56, wobei das phosphorylierbare Protein mit einer radioaktiven Markierung phosphoryliert 

25 ist. 



Patentanspriiche fur folgenden Vertragsstaat : GR 

30 1. Verfahren zur Herstellung eines Proteins, welches derart modifiziert ist, daB es eine durch eine Proteinkinase 
erkennbare, als Tell des Proteins phosphorylierbare und in dem nicht modifizierten Protein nicht vorhandene oder 
fur die Phosphorylierung nicht verfugbare Aminosauresequenz umfaBt. 

2. Verfahren nach Anspruch 1 , wobei fur die IVIodifikation durch rekombinante DNA-Techniken gesorgt wurde. 

3S 

3. Verfahren nach Anspruch 2, wobei es sich bei dem Protein um ein funktionelles Protein handelt. 

4. Verfahren nach Anspruch 2, wobei es sich bei dem Protein um ein interferonartiges Protein, ausgewahit aus der 
Gruppe ein interferonartiges Hu-IFN-a Protein oder ein interferonartiges Hu-IFN-p Protein handelt. 

40 

5. Verfahen nach Anspruch 4, wobei das Protein Hu-IFN-a-artig ist. 

6. Verfahren nach Anspruch 4, wobei das Protein Hu-IFN-|3-artig ist. 

'fs 7. Verfahren nach Anspruch 4, wobei es sich bei dem interferonartigen Hu-IFN-a Protein um ein fusioniertes 
Hu-IFN-aA/gamma Protein handelt. 

8. Verfahren nach Anspruch 7, wobei das Hu-IFN-p-artige Protein die schematisch in Figur 3 dargestellte Aminosau- 
resequenz aufweist. 

so 

9. Verfahren nach Anspruch 7, wobei das Hu-IFN-a-artige Protein aus der Gruppe der in FigurSdargestellten und als 

aA-P1, 

aA-P2 und aA-P3 identifizierten drei Aminosauresequenzen ausgewahit ist. 

55 10. Verfahren nach Anspruch 7, wobei das interferonartige Hu-IFN-a Protein eine biologische Eigenschart von Hu-IFN-a 
und/oder von Hu-IFN-gamma aufweist. 

11 . Verfahren nach Anspruch 4, wobei das Hu-IFN-a-artige Protein eine biologische Eigenschaft von Hu-IFN-a und/oder 
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von Hu-IFN-p aufweist. 

12. Verfahren nach Anspruch 4, wobei das Hu-IFN-a-artige Protein Oder Hu-IFN-p-artige Protein eine durch eine Pro- 
teinl^inase erl^ennbare Aminosaurekonsenssequenz umfa3t. 

5 

13. Verfahren nach Anspruch 12, wobei das Hu-IFN-a-artige Protein eine ein Insert in ein phosphoryllerbares 
Hu-IFN-a-artiges Protein darstellende Aminosaurekonsenssequenz umfaBt. 

14. Verfahren nach Anspruch 12, wobei bei dem Hu-IFN-a-artigen Protein die durch die Proteinkinase erkennbare 
10 Aminosaurekonsenssequenz mit dem Carboxylende der Aminosauresequenz von Hu-IFN-a anfusioniertes ist. 

15. Verfahren nach Anspruch 12, wobei das interferonartige Hu-IFN-a Protein mindestenszwei Aminosauresegmente, 
namlich ein erstes segment, bei dem es sich um die Aminosauresequenz von naturlichem Hu-IFN-a handelt, und 
ein zweites Aminosauresegment, das die durch Proteinkinase erkennbare Aminosaurekonsenssequenz enthalt, 

'5 aufweist, und wobei das zweite Segment in das erste Aminosauresegment eingebaut Oder mit diesem verbunden 

sein kann. 

16. Verfahren nach Anspruch 5, wobei das Hu-IFN-a-artige Protein phosphoryliert ist und ein serumstabiles Phosphat 
enthalt. 

20 

17. Verfahren nach Anspruch 5, wobei das Hu-IFN-a-artige Protein nach der Phosphorylierung in Humanserum stabil 
ist. 

18. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins Ser enthalt. 

25 

19. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins eine Amino- 
saure, ausgewahit aus der Gruppe Ser, Thr Oder Tyr, enthalt. 

20. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins aus 
30 Arg-Arg-Ala-Ser- besteht. 

21. Verfahren nach Anspruch 12, wobei die Aminosaurekonsenssequenz des Hu-IFN-a-artigen Proteins 
Arg-Arg-Ala-Ser-Xaa mit Xaa ausgewahit aus der Gruppe Gin, Val oder Leu enthalt. 

3S 22. Verfahren nach Anspruch 12, wobei das Protein aus einem Hu-IFN-a-artigen Protein und die Proteinkinase aus der 
cAMP-abhangigen Proteinkinase bestehen. 

23. Verfahren nach Anspruch 4., weiterhin umfassend die Reinigung des phosphorylierbaren Hu-IFN-a-artigen Proteins. 

40 24. Verfahren nach Anspruch 4, weiter umfassend die Phosphorylierung des phosphorylierbaren Hu-IFN-a-artigen Pro- 
teins mit einer radioaktiven IVarkierung. 

25. Verfahren nach Anspruch 24, wobei es sich bei der IVIarkierung um ein p-Strahlung emittierendes Atom handelt. 

45 26. Verfahren nach Anspruch 25, wobei das Atom aus der Gruppe Phosphor und Schwefel ausgewahit ist. 

27. Verfahren nach Anspruch 26, wobei es sich bei der radioaktiven IVIarkierung um 32p oder 33p handelt. 

28. Verfahren zur Herstellung eines Hu-IFN-a-artigen Proteins oder eines Hu-IFN-|i-artigen Proteins, wobei das phos- 
50 phorylierte Protein der Definition gemaB einem der Anspruche 4., 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 

20, 21 Oder 23 entspricht und das Verfahren folgende Stufen umfaBt: 

(a) Einfuhren einer durch eine Proteinkinase zur Phosphorylierung erkennbaren Aminosauresequenz in ein 
nicht phosphoryllerbares Protein oder 

55 

(b) Synthese des phosphorylierbaren Proteins aus Aminosaurevorlaufern. 

29. Verfahren zur Herstellung des phosphorylierbaren Hu-IFN-a -artigen Proteins mit der in Figur 3 dargestellten Ami- 
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nosauresequenz oder einer der als aA-P1 , aA-P2 und aA-P3 identif izierten und in Figur 8 dargestellten Aminosau- 
resequenzen, wobei das Verfahren folgende Stufen umfaBt: 

(a) Einfuhren einer durch eine Proteinlcinase zur Pliospliorylierung erkennbaren Aminosauresequenz in ein 
5 nicht pliospliorylierbares Protein oder 

(b) Synthese des phospliorylierbaren Proteins aus Aminosaurevorlaufern. 

30. Verfahren zur Herstellung eines pliospliorylierbaren Hu-IFN-p-artigen Proteins des pliosphorylierbaren Proteins 
10 gemaB Ansprucli 6 wobei das verfahren folgende Stufen umfaBt: 

(a) Einfuhren einer durch eine Proteinlcinase zur Phosphorylierung erkennbaren Aminosauresequenz in ein 
nicht phosphorylierbaren Protein oder 

'5 (b) Synthese des phosphorylierbaren Proteins aus Aminosaurevorlaufern. 

31 . Rekombinante DNA-Sequenz mit Kodierung fur ein modifiziertes Protein nach Anspruch 1 . 

32. Rekombinante DNA-Sequenz nach Anspruch 31 , enthaltend eine DNA-Sequenz mit Kodierung fur ein funktionelles 
20 Protein, welches normalerweise nicht phosphorylierbar ist, und eine DNA-Sequenz mit Kodierung fur die Amino- 

saurekonsenssequenz, die durch eine Proteinkinase erkennbar ist und die mutmaBliche Markierungsstelle enthalt. 

33. Rekombinante DNA-Sequenz nach Anspruch 32, wobei es sich bei dem funktionellen Protein um ein interferonar- 
tiges Protein aus der Gruppe Hu-IFN-a oder Hu-IFN-P handelt. 

25 

34. Rekombinante DNA-Scquenz nach Anspruch 32, wobei die zweite Nukleotdsequenz ein mit der ersten Nukleotid- 
sequenz gemeinsames Kodon aufweist. 

35. Rekombinante DNA-Sequenz, ausgewahit aus der Gruppe DNA-Sequenzen mit Kodierung fur ein Protein, ausge- 
30 wahit aus der Gruppe Hu-IFN-a-artiges Protein oder Hu-IFN-|i-artiges Protein, wobei das Protein derart modifiziert 

wurde, daB es eine durch eine Proteinkinase erkennbare Aminosaurekonsenssequenz mit einer mutmaBlichen 
phosphorylierbaren Stelle enthalt. 

36. Rekombinante DNA-Sequenz nach Anspruch 35 mit Kodierungfurein phosphorylierbares Hu-lFN-a-artiges Protein. 

35 

37. Rekombinanter DNA-Klonierungsvektor mit der Eignung zum Exprimieren eines exogenen funktionellen Proteins, 
wobei der Vektor die DNA-Sequenz mit Kodierung fur ein Hu-IFN-a-artiges Protein oder ein Hu-IFN-|3-artiges Protein 
beinhaltet, das Protein derart modifiziert wurde, daB es eine durch eine Proteinkinase erkennbare Aminosaurekon- 
senssequenz mit einer mutmaBlichen Phosphorylierungsstelle enthalt und das phosphorylierbare Protein aus einem 

40 interferonartigen Hu-IFN-a Protein oder einem interferonartigen Hu-IFN-p Protein besteht. 

38. Klonierungsvektor nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein 
Hu-IFN-a handelt. 

45 39. Klonierungsvektor nach Anspruch 37, wobei es sich bei dem kodierten Protein um das interferonartige Protein 
Hu-IFN-P handelt. 

40. Klonierungsvektor nach Anspruch 37, enthaltend die DNA-Sequenz mit Kodierung fur ein fusioniertes 
Hu-IFN-aA/gamma Protein. 

50 

41. Klonierungsvektor nach Anspruch 37, enthaltend die DNA-Sequenz mit Kodierung fur die Figur 8 mit -PI , -P2 und 
bzw. -P3 bezeichneten modifizierten Interferone. 

42. Transformierte Wirtzelle mit der Fahigkeit zum Exprimieren des funktionellen Proteins, wobei die Wirtzelle einen 
55 rekombinanten DNA-Vektor mit Kodierung fur ein Hu-IFN-a -artiges Protein oder ein Hu-IFN-p-artiges Protein, wel- 
ches derart modifiziert wurde, daB es eine durch eine Proteinkinase erkennbare Aminosaurekonsenssequenz ent- 
halt, enthalt. 
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43. Verfahren zur Zubereitung einer biologisch aktiven zusammensetzung, umfassend die Stufe des Vermischen eines 
biologisch vertraglichen Tragers und einer biologisch wirksamen IVIenge eines phosphorylierten Proteins entspre- 
chendder Definition gemaB einem der Anspruche 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26 Oder 27. 

5 

44. Verfahren nach Anspruch 1, wobei das phosphorylierbare Protein eine biologische Eigenschaft des nicht phos- 
phorylierbaren Proteins aufweist. 

45. Verfahren nach Anspruch 1 , wobei das phosphorylierbare Protein mindestens zwel Aminosauresegmente, namlich 
10 ein erstes Segment, be! dem es sich urn die Aminosauresequenz des nicht phosphorylierbaren Proteins handelt, 

und ein zweites Aminosauresegment, welches die durch die Protein kinase erkennbare Aminosauresequenz enthalt, 
wobei das zweite Segment in das erste Aminosauresegment eingebaut oder mil diesem verbunden sein kann. 

46. Verfahren nach Anspruch 1 , wobei das phosphorylierbare Protein phosphoryliert ist und ein serumstabiles Phosphat 
'5 enthalt. 

47. Verfahren nach Anspruch 1, wobei das Protein aus einem phosphoryliettaren monoklonalen Antikorper besteht. 

48. Verfahren nach Anspruch 47, wobei der monoklonale Antikorper aus einer Chimare, einem Hybrid oder modifizierten 
20 monoklonalen Antikorper besteht. 

49. Verfahren nach Anspruch 47, wobei der monoklonale Antikorper Tumor-spezifisch ist. 

50. Verfahren nach Anspruch 47, wobei die Phosphorylierungsstelle in dem Fab- oder dem Fab^-Pragment hiervon 
25 enthalten ist. 

51. Verfahren nach einem der Anspruche 47 bis 50, weiterhin umfassend die Phosphorylierung des monoklonalen 
Antikorpers. 

30 52. Verfahren nach einem der Anspruche 47 bis 51 , welter umfassend eine radioaktive Markierung des monoklonalen 
Antikorpers. 

53. Verfahren nach Anspruch 1, wobei das Protein aus einem Zytokin besteht. 

35 54. Verfahren nach Anspruch 1, wobei das Protein aus dem Tumornekrose-Faktor (TNF) oder lnterleukin-3 (IL-3) 
besteht. 

55. Verfahren nach Anspruch 54, wobei das Protein aus der Gruppe TNF-a und TNF-p ausgewahit ist. 

40 56. Verfahren zur Herstellung eines phosphorylierbaren Proteins aus einem ansonst nicht phogphorylierbaren Protein, 
umfassend folgende Stufen: 

Identifizieren einer durch eine Proteinkinase (im folgenden als "PK" bezeichnet) erkennbaren Aminosaurese- 
quenz; 

45 

Definieren und konstruieren einer Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungsse- 
quenz; 

Restimmen einer Nukleotidsequenz mit Kodierung fur das nicht phosphorylierbare Protein; 

50 

Konstruieren einer modifizierten Nukleotidsequenz mit Kodierung fur das phosphorylierbare Protein und 

Exprimieren der modifizierten Nukleotidsequenz zur Produktion des phosphorylierbaren Proteins. 

55 57. Verfahren nach Anspruch 56, wobei die Stufe der Konstruktion der modifizierten Nukleotidsequenz ein Anhangen 
der Nukleotidsequenz mit Kodierung fur die Aminosaure-PK-Erkennungssequenz an die Nukleotidsequenz mit 
Kodierung fur das nicht phosphorylierbare Protein beinhaltet. 
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58. Verfahren nach Anspruch 56, wobei die Stufe der Konstruktion der modifizierten Nukleolidsequenz eine Einfugung 
der Nukleolidsequenz mil Kodierung fur die Aminosaure-PK-Erkennungssequenz in die Nukleolidsequenz mil 
Kodierunf fur das nicht phosphorylierbare Protein beinhaltet. 

59. Verfahren nach Anspruch 56, wobei die in der Identifiziertingsstufe Identiflzierte Amlnosaure-PK-Erkennungsse- 
quenz Ser enthalt. 

60. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz eine Aminosaure, ausgewahit aus der Gruppe Ser, Thr oder Tyr enthalt 

61. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz aus Arg-Arg-Ala-Ser- besteht 

62. Verfahren nach Anspruch 56, wobei die in der Identifizierungsstufe identifizierte Aminosaure-PK-Erkennungsse- 
quenz Arg-Arg-Ala-Ser-Xaa, mit Xaa ausgewahit aus der Gruppe samtlicher Aminosauren, enthalt. 

63. Verfahren nach Anspruch 56, wobei es sich bei der Proteinkinase der Identifizierungsstufe urn die cAMP-abhangige 
Proteinkinase handelt. 

64. Verfahren nach Anspruch 56, wobei das phosphorylierbare Protein mit einer radioaktiven Markierung phosphoryliert 

ist. 



Revendications 



Revendications pour les Etats contractants suivants : DE, FR, GB, IT, ML, SE, CH, BE, LU, AT 

1. Proteins qui est modifi6e pourcomprendre une sequence d'acides amines reconnaissable par une proteinekinase, 
laquelle sequence d'acides amines est, en tant que partie de la prot6ine, phosphorylable et n'6tait pas pr6sente, 
ou n'etait pas disponible pour la phosphorylation, dans la proteine non modifiee. 

2. Proteine phosphorylable selon la revendication 1, dans laquelle ladite modification est fournie par das techniques 
d'ADN recombinant. 

3. Proteine phosphorylable selon la revendication 2, qui est une proteine fonctionnelle. 

4. Proteine phosphorylable selon la revendication 2, qui est une proteine semblable a un interferon choisie dans le 
groups constitue d'une proteine Hu-IFN-a semblable a un interferon et d'une proteine Hu-IFN-p semblable a un 

interferon. 

5. Prot6ine phosphorylable semblable k Hu-IFN-a selon la revendication 4. 

6. Proteine phosphorylable semblable Hu-IFN-p selon la revendication 4. 

7. Hu-IFN-a phosphorylable selon la revendication 4, dans laquelle la proteine Hu-IFN-a semblable a un interferon 

est une proteine fusionnee Hu-IFN-aA/gamma. 

8. Proteine phosphorylable semblable a Hu-IFN-|i fusionnee selon la revendication 7, qui a la sequence d'acides 

amines presentee schematiquement a la figure 3. 

9. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 5, qui est choisie dans le groups des trois 
sequences d'acides amines presentees a la figure 8 et identifi^es comme aA-P1, aA-P2 et aA-P3. 

10. Hu-IFN-a phosphorylable seion la revendication 7, dans lequel la proteine Hu-IFN-a semblable a un interferon 
possede une propriete biologique de Hu-IFN-a et/ou de Hu-IFN-gamma. 

11. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 4, qui possede une propriete biologique de 
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Hu-IFN-a et/ou de Hu-IFN-p. 

12. Proteine phosphorylable semblable a Hu-IFN-a ou semblable a Hu-IFN-p selon la revendication 4, qui comprend 
une sequence consensus d'acides amines qui est reconnaissable par une proteinekinase. 

5 

13. Prot6ine phosphorylable semblable k Hu-IFN-a selon la revendication 12, qui comprend une sequence consensus 
d'acides amines qui est un segment d'insertion dans une prot6ine phosphorylable semblable k Hu-IFN-a, 

14. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la sequence consensus 
10 d'acides amines reconnaissable par la proteinelcinase estfusionneea I'extremitecarboxylede la sequence d'acides 

amines de Hu-IFN-a. 

15. Proteine phosphorylable Hu-IFN-a semblable a un interferon selon la revendication 12, qui contient au moins deux 
segments d'acides amines, un premier segment qui est la sequence d'acides amines de Hu-IFN-a naturel et un 

'5 second segment d'acides amines qui contient la sequence consensus d'acides amines qui est reconnaissable par 

une proteinel<inase, ce second segment pouvant etre incorpore dans le premier segment d'acides amines ou lie a 
celui-ci. 

16. Proteine phosphorylable semblable k Hu-IFN-a selon la revendication 5, qui est phosphoryl6e et contient un phos- 
20 phate stable dans un serum. 

17. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 5, qui, apres phosphorylation, est stable dans 
du serum humain. 

25 18. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la sequence consensus 
d'acides amines contient Ser. 

19. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la sequence consensus 
d'acides amines contient un acide amin^ choisi dans le groupe constitu^ de Ser, Thr ou Tyr 

30 

20. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la sequence consensus 
d'acides amines est Arg-Arg-Ala-Ser-. 

21. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la sequence consensus 
3S d'acides amines contient Arg-Arg-Ala-Ser-Xaa, ou Xaa est choisi dans le groupe de Gin, Val ou Leu. 

22. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 12, dans laquelle la proteinekinase est la 
proteinekinase dependante de I'AMPc, 

40 23. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 4, qui est purifiee. 

24. Prot6ine phosphorylable semblable k Hu-IFN-a selon la revendication 4, qui est phosphoryl6e avec un marqueur 
radioactif. 

45 25. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 24, dans laquelle le marqueur est un atome 
emettant des rayons beta. 

26. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 25, dans laquelle I'atome est choisi dans le 
groupe constitue du phosphore et du soufre. 

so 

27. Proteine phosphorylable semblable a Hu-IFN-a selon la revendication 26, dans laquelle le marqueur radioactif 

est 32P ou 33P 

28. Proteine semblable a Hu-IFN-a ou proteine semblable a Hu-IFN-p phosphorylable, la proteine phosphorylee etant 
55 definiedansrunequelconquedesrevendications4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20,21 ou23. 

29. Proteine phosphorylable semblable a Hu-IFN-a, ayant la sequence d'acides amines presentee a la figure 3 ou I'une 
des sequences d'acides amines identifiees comme aA-p1 , aA-P2 et aA-P3, presentees a la figure 8. 
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30. Proteine phosphorylable semblable a Hu-IFN-p de la proteine phosphorylee definie dans la revendication 6. 

31. Sequence d'ADN recombinant qui code pour une proteine modifiee selon la revendication 1. 

32. Sequence d'ADN recombinant selon la revendication 31 , qui contient une sequence d'ADN qui code pour une pro- 
teine fonctionnelle qui normalement n'est pas phosphorylable et une sequence d'ADN qui code pour la sequence 
consensus d'acides amines qui est reconnaissable par une prot^inekinase et qui contient le site de marquage 

suppose 

33. Sequence d'ADN recombinant selon la revendication 32. dans laquelte la proteine fonctionnelle est une proteine 
semblable a un interferon choisie dans le groupe constitue de Hu-IFN-a ou de Hu-IFN-p. 

34. Sequence d'ADN recombinant selon la revendication 32. dans laquelle la seconde sequence de nucleotides a un 
codon qui est commun avec la premiere sequence de nucleotides. 

35. Sequence d'ADN recombinant, qui est choisie dans le groupe constitue des sequences d'ADN codant pour une 
proteine choisie dans le groupe constitue d'une proteine semblable a Hu-IFN-a ou d'une proteine semblable a 
Hu-IFN-p, cette prot6ine ayant 6t6 modifi6e pour contenir une sequence consensus d'acides amines reconnaissable 
par une prot^inekinase, comprenant un site phosphorylable suppose. 

36. Sequence d'ADN - recombinant selon la revendication 35, qui code pour une proteine phosphorylable semblable 

a Hu-IFN-a. 

37. Vecteur de clonage d'ADN recombinant utile pour exprimer une proteine fonctionnelle exogene, ce vecteur incluant 
la sequence d'ADN qui code pour une proteine semblable a Hu-IFN-a ou une proteine semblable a Hu-IFN-p, cette 
proteine ayant etc moditioc pour contenir une sequence consensus d'acides aminos reconnaissable par une pro- 
teinekinase, comprenant un site de phosphorylation suppose, la proteine phosphorylable etant une proteine 
Hu-IFN-a semblable a un interferon ou une proteine Hu-IFN-p semblable a un interferon. 

38. Vecteur de clonage selon la revendication 37, dans lequel la proteine cod6e est la proteine Hu-IFN-a semblable k 
un interferon. 

39. Vecteur de clonage selon la revendication 37, dans lequel la proteine codee est la proteine Hu-IFN-p semblable a 

un interferon. 

40. Vecteur de clonage selon la revendication 37, qui contient la sequence d'ADN codant pour une proteine fusionnee 

Hu-IFN-aA/gamma. 

41 . Vecteur de clonage selon la revendication 37, qui contient la sequence d'ADN codant pour les interferons modifies 
denommes -PI, -P2 et -PS dans la figure 8, respectivement. 

42. Cellule hOte transform6e capable d'exprimer une proteine fonctionnelle, cette cellule hOte contenant un vecteur 
d'ADN recombinant codant pour une proteine semblable a Hu-IFN-a ou une proteine semblable a Hu-IFN-p qui a 
ete modifiee pour contenir une sequence consensus d'acides amines reconnaissable par une proteinekinase. 

43. Composition biologiquement active, qui comprend un vehicule biologiquement compatible et, en une quantite bio- 

logique efficace, une proteine phosphorylee definie dans I'une quelconque des revendications 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26 ou 27. 

44. Proteine phosphorylable selon la revendication 1, qui possede une propriete biologique de la proteine non phos- 
phorylable. 

45. Proteine phosphorylable selon la revendication 1 , qui contient au moins deux segments d'acides amines, un premier 
segment qui est la sequence d'acides amines de la proteine non phosphorylable et un second segment d'acides 
aminees qui contient la sequence d'acides amines reconnaissable par la proteinekinase, ce second segment pou- 
vant etre incorpore dans le premier segment d'acides amines ou lie a celui-ci. 

46. Proteine phosphorylable selon la revendication 1 , qui est phosphorylee et contient un phosphate stable dans un 
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serum. 

47. Proteine selon la revendication 1 , qui est un anticorps monoclonal phosphorylable. 
5 48. Anticorps monoclonal selon la revendication 47, qui est un anticorps monoclonal chimerique, hybride ou modifie. 

49. Anticorps monoclonal selon la revendication 47, qui est sp6cifique a une tumeur. 

50. Anticorps monoclonal selon la revendication 47, dans lequel le site pour la phosphorylation est dans le fragment 
10 Fab ou Fab^ de celui-ci. 

51. Anticorps monoclonal selon I'une quelconque des revendications 47 a 50. qui est phosphoryle. 

52. Anticorps monoclonal selon I'une quelconque des revendications 47 a 51 , qui est radiomarque. 

15 

53. Proteine selon la revendication 1 , qui est une cytokine. 

54. Proteine selon la revendication 1 , qui est le facteur de necrose des tumeurs (TNF) ou rinterleukine-3 (IL-3). 
20 55. Proteine selon la revendication 54, qui est cholsie dans le groupe constitue du TNF-a et du TNF-p. 

56. Procede pour preparer une proteine phosphorylable a partir d'une proteine par ailleurs non phosphorylable, com- 
prenant les etapes de : 

25 Identification d'une sequence d'acldes amines reconnaissable par une proteinekinase (ci-apres "PK") ; 

definition ct construction d'une sequence de nucleotides qui code pour ladite sequence d'acldes amines recon- 
naissable par une PK ; 

determination d'une sequence de nucleotides codant pour ladite proteine non phosphorylable : 
construction d'une s6quence de nucleotides modlfl6e codant pour ladite proteine phosphoryiabie ; 
30 expression de ladite sequence de nucleotides modifi^e pour produire ladite proteine phosphorylable. 

57. Procede selon la revendication 56, dans lequel ladite etape de construction de ladite sequence de nucleotides 
modlflee inclut la fixation de ladite sequence de nucleotides codant pour ladite sequence d'acldes amines recon- 
naissable par une PK a ladite sequence de nucleotides codant pour ladite proteine non phosphoryiabie. 

35 

58. Procede seion la revendication 56, dans iequel ladite etape de construction de ladite sequence de nucleotides 
modifiee Inclut I'introductlon de iadlte sequence de nucleotides codant pour ladite sequence d'acldes amines recon- 
naissable par une PK dans ladite sequence de nucleotides codant pour ladite proteine non phosphorylable. 

40 59. Procede selon la revendication 56, dans lequel ladite sequence d'acldes amines reconnaissable par une PK, iden- 
tifi6e dans ladite 6tape d'identificatlon, contient Sen 

60. Procede selon la revendication 56, dans lequel ladite sequence d'acldes amines reconnaissable par une PK, iden- 
tifiee dans ladite etape d'identificatlon, contient un acide amine choisi dans le groupe constitue de Ser, Thr ou Tyr. 

45 

61 . Procede selon la revendication 56, dans lequel ladite sequence d'acldes amines reconnaissable par une PK Iden- 
tlflee dans ladite etape d'identificatlon est Arg-Arg-Ala-Ser- 

62. Procede selon la revendication 56, dans lequei ladite sequence d'acldes amines reconnaissable par une PK iden- 
£0 tiflee dans ladite etape d'identificatlon contient Arg-Arg-Aia-Ser-Xaa, ou Xaa est cholsl dans le groupe de tous ies 

acides amines. 

63. Procede selon ia revendication 56, dans lequei la proteinekinase de iadlte etape d'identificatlon est la proteinekinase 
dependant de I'AMPc. 

55 

64. Procede selon la revendication 56, dans lequel ladite proteine phosphorylable est phosphorylee avec un marqueur 
radioactif. 
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Revendications pour I'Etat contractant suivant : ES 

1. Precede de preparation d'une proteine qui est modifiee pour comprendre une sequence d'acides amines recon- 
naissable par une proteinelcinase, laquelle sequence d'acides amines est, en tant que partie de la proteine, plios- 

5 phorylable et n'etait pas presente, ou n'etait pas disponible pour la phosphorylation, dans la proteine non modifiee. 

2. Proc6d6 selon la revendication 1 , dans laquelle ladite modification est fournie par des techniques d'ADN recombi- 
nant. 

10 3. Procede selon la revendication 2, qui est une proteine fonctionnelle. 

4. Procede selon la revendication 2, qui est une proteine semblable a un interferon choisie dans le groups constitue 
d'une- proteine Hu-IFN-ct semblable a un interferon et d'une proteine Hu-IFN-P semblable a un interferon. 

'5 6. Procede selon la revendication 4, dans lequel la proteine est semblable a Hu-IFN-a. 

6. Procede selon la revendication 4, dans lequel la proteine est semblable a Hu-IFN-p. 

7. Proc^d^ selon la revendication 4, dans lequel la proteine Hu-IFN-a semblable h un interferon est une proteine 
20 fusionnee Hu-IFN-oA/gamma. 

8. Procede selon la revendication 7, dans lequel la proteine semblable a Hu-IFN-p a la sequence d'acides amines 
presentee schematiquement a la figure 3. 

25 9. Procede selon la revendication 7, dans lequel la proteine semblable a Hu-IFN-a est choisie dans le groupe des 
trois sequences d'acides amines presentees a la figure 8 et identifiees comme aA-P1 , aA-P2 et aA-P3. 

1 0. Procede selon la revendication 7, dans lequel la proteine Hu-I FN-a semblable a un interferon possede une propriete 
biologique de Hu-IFN-a et/ou de Hu-IFN-gamma. 

30 

11. Procede selon la revendication 4, dans lequel la proteine semblable a Hu-IFN-a possede une propriete biologique 
de Hu-IFN-a et/ou de Hu-IFN-p. 

12. Procede selon la revendication 4, dans lequel la proteine semblable a Hu-I FN-a ou semblable a Hu-IFN-p comprend 
3S une sequence consensus d'acides amines qui est reconnaissable par une proteinel^inase. 

13. Procede selon la revendication 12, dans lequel la proteine semblable a Hu-IFN-a comprend une sequence con- 
sensus d'acides amines qui est un segment d'insertion dans une proteine phosphorylable semblable a Hu-IFN-a. 

40 14. Procede selon la revendication 12, dans lequel la proteine semblable a Hu-IFN-a comprenant la sequence con- 
sensus d'acides amines reconnaissable par la prot6ineklnase est f uslonn6e k rextr6mit6 carboxyle de la sequence 
d'acides amines de Hu-IFN-a. 

15. Procede selon la revendication 12, dans lequel la proteine Hu-IFN-a semblable a un interferon contient au moins 
45 deux segments d'acides amines, un premier segment qui est la sequence d'acides amines de Hu-IFN-a naturel et 

un second segment d'acides amines qui contient la sequence consensus d'acides amines qui est reconnaissable 
par une proteinekinase, ce second segment pouvant etre incorpore dans le premier segment d'acides amines ou 
lie a celui-ci. 

50 16. Procede selon la revendication 5, dans lequel la proteine semblable a Hu-IFN-a est phosphorylee et contient un 
phosphate stable dans un serum. 

17. Procede selon la revendication 5, dans lequel la proteine semblable a Hu-IFN-a, apres phosphorylation, est stable 
dans du serum humain. 

55 

18. Procede selon la revendication 12, dans lequel la sequence consensus d'acides amines de la proteine semblable 
a Hu-IFN-a contient Ser. 
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19. Precede selon la revendication 12, dans lequel la sequence consensus d'acides amines de la proteine semblable 
a Hu-IFN-a contient un acide amine choisi dans le groupe constitue de Ser, Thr ou Tyr. 

20. Procede selon la revendication 1 2, dans lequel la sequence consensus d'acides amines de la proteine semblable 
5 a Hu-IFN-a est Arg-Arg-Ala-Ser-. 

21 . Proc6d6 selon la revendication 1 2, dans lequel la sequence consensus d'acides amines de la prot6ine semblable 
a Hu-IFN-a contient Arg-Arg-Ala-Ser-Xaa, oij Xaa est choisi dans le groupe de Gin, Val ou Leu. 

10 22. Procede selon la revendication 1 2, dans lequel la proteine est la proteine semblable a Hu-IFN-a et la proteineltinase 
est la proteinekinase dependante de I'AMPc. 

23. Procede selon la revendication 4, comprenant en outre la purification de la proteine pliospliorylable semblable a 

Hu-IFN-a, 

75 

24. Procede selon la revendication 4, comprenant en outre la pliosphorylation de la proteine semblable a Hu-IFN-a 
avec un marqueur radioactif. 

25. Proc^d^ selon la revendication 24, dans lequel le marqueur est un atome ^mettant des rayons b@ta. 

20 

26. Procede selon la revendication 25, dans lequel I'atome est choisi dans le groupe constitue du phosphore et du souf re. 

27. Procede selon la revendication 26, dans lequel le marqueur radioactif est 32p ou ^^P 

25 28. Procede de preparation d'une proteine semblable a Hu-IFN-a ou d'une proteine semblable a Hu-IFN-P, la proteine 
phosphorylee etant detinie dans I'une quelconque des revendications 4, 5, 6^ 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21 ou 23, ie procede comprenant I'etape de (a) introduction, dans une proteine qui n'est pas phospho- 
rylable, d'une sequence d'acides amines reconnaissable par une proteinekinase pour la phosphorylation ou de (b) 
synthase de ladite proteine phosphorylable k partir de prScurseurs d'acides amines. 

30 

29. Procede de preparation de la proteine phosphorylable semblable a Hu-IFN-a ayant la sequence d'acides amines 
presentee a la figure 3 ou I'une des sequences d'acides amines identifiees comme aA-P1, aA-P2 et aA-P3, pre- 
sentees a la figure 8, le procede comprenant I'etape de (a) introduction, dans une proteine qui n'est pas phospho- 
rylable, d'une sequence d'acides amines reconnaissable par une proteinekinase pour la phosphorylation ou de (b) 

3S synthese de ladite proteine phosphorylable a partir de precurseurs d'acides amines. 

30. Procede de preparation de la proteine phosphorylable semblable a Hu-IFN-|3 de la proteine phosphorylee definie 
dans la revendication 6, le procede comprenant I'etape de (a) introduction, dans une proteine qui n'est pas phos- 
phorylable, d'une sequence d'acides amines reconnaissable par une proteinekinase pour la phosphorylation ou de 

40 (b) synthese de ladite proteine phosphorylable a partir de precurseurs d'acides amines. 

31. Proc6d6 de pr6paration d'une sequence d'ADN recombinant qui code pour une prot6ine modifi^e telle que d6finie 
dans la revendication 1 par des techniques d'ADN recombinant. 

45 32. Procede selon la revendication 31 , dans lequel la sequence d'ADN recombinant contient une sequence d'ADN qui 
code pour une proteine fonctionnelle qui normalement n'est pas phosphorylable et une sequence d'ADN qui code 
pour la sequence consensus d'acides amines qui est reconnaissable par une proteinekinase et qui contient le site 
de marquage suppose. 

so 33. Procede selon la revendication 32, dans lequel la proteine fonctionnelle est une proteine semblable a un interferon 
choisie dans le groupe constitue de Hu-IFN-a ou de Hu-IFN-p. 

34. Procede selon la revendication 32, dans lequel la seconde sequence de nucleotides a un codon qui est commun 
avec la premiere sequence de nucleotides. 

55 

35. Procede de preparation d'une sequence d'ADN recombinant qui est choisie dans le groupe constitue des sequences 
d'ADN codant pour une proteine choisie dans le groupe constitue d'une proteine semblable a Hu-IFN-a ou d'une 
proteine semblable a Hu-IFN-p, cette proteine ayant ete modifiee pour contenir une sequence consensus d'acides 
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amines reconnaissable par une proteinekinase, comprenant un site phosphorylable suppose, par des teciiniques 
d'ADN recombinant. 

36. Procede selon la revendication 35, dans lequel la sequence d'ADN recombinant code pour une proteine phospho- 
5 rylable semblable a Hu-IFN-a. 

37. Proc6d6 de preparation d'un vecteur de clonage d'ADN recombinant utile pour exprlmer une prot6ine fonctlonnelle 

exogene, ce vecteur incluanl la sequence d'ADN qui code pour une proteine semblable a Hu-IFN-a ou une proteine 
semblable a Hu-IFN-p, cette proteine ayant ete modifiee pour contenir une sequence consensus d'acides amines 
10 reconnaissable par une proteinekinase, comprenant un site de phosphorylation suppose, la proteine phosphorylable 

etant une proteine Hu-IFN-a semblable a un Interferon ou une proteine Hu-IFN-p semblable a un interferon, par 
des techniques d'ADN recombinant. 

38. Procede selon la revendication 37, dans lequel la proteine codee est la proteine Hu-IFN-a semblable a un interferon. 

15 

39. Procede selon la revendication 37, dans lequel la proteine codee est la proteine Hu-IFN-p semblable a un Interferon. 

40. Proc6d6 selon la revendication 37, dans lequel le vecteur de clonage contlent la sequence d'ADN codant pour une 
proteine fuslonn6e Hu-IFN-aA/gamma. 

20 

41 . Procede selon la revendication 37, dans lequel le vecteur de clonage contlent la sequence d'ADN codant pour les 
interferons modifies denommes -P1 , -P2 et -P3 dans la figure 8, respectivement. 

42. Procede de preparation d'une cellule hote transformee capable d'exprimer une proteine fonctlonnelle, cette cellule 
25 hote contenant un vecteur d'ADN recombinant codant pour une proteine semblable a Hu-IFN-a ou une proteine 

semblable a Hu-IFN-|i qui a ete modifiee pour contenir una soqucncc consensus d'acides aminos reconnaissable 
par une proteinekinase, comprenant la transformation de la cellule hote avec le vecteur d'ADN recombinant. 

43. Procede de fabrication d'une composition biologiquement active, comprenant les etapes de melange d'un v6hlcule 
30 biologiquement compatible et, d'une quantity blologlque efflcace, d'une proteine phosphoryl6e telle que definie dans 

I'une quelconque des revendlcatlons 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26 ou 27. 

44. Procede selon la revendication 1 , dans lequel la proteine phosphorylable possede une propriete blologlque de la 
35 proteine non phosphorylable. 

45. Procede selon la revendication 1 , dans lequel la proteine phosphorylable contlent au moins deux segments d'acides 
amines, un premier segment qui est la sequence d'acides amines de la proteine non phosphorylable et un second 
segment d'acides amines qui contlent la sequence d'acides amines reconnaissable par la proteinekinase, ce second 

40 segment pouvant etre Incorpore dans le premier segment d'acides amines ou lie a celui-ci. 

46. Precede selon la revendication 1 , dans lequel la proteine phosphorylable est phosphotyiee et contlent un phosphate 
stable dans un serum. 

45 All. Procede selon la revendication 1 , dans lequel la proteine est un anticorps monoclonal phosphorylable. 

48. Procede selon la revendication 47, dans lequel I'antlcorps monoclonal est un anticorps monoclonal chimerique, 
hybrlde ou modlfle. 

50 49. Procede selon la revendication 47, dans lequel I'antlcorps monoclonal est speclflque a une tumeur. 

50. Procede selon la revendication 47, dans lequel le site pour la phosphorylation est dans le fragment Fab ou Fab^ 

de celui-ci. 

55 51 . Procede selon I'une quelconque des revendlcatlons 47 a 50, comprenant en outre la phosphorylation de I'anticorps 
monoclonal. 

52. Procede selon I'une quelconque des revendlcatlons 47 a 51 , comprenant en outre le radiomarquage de I'antlcorps 
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monoclonale 

53. Procede selon la revendlcatlon 1 , dans lequel la protelne est une cytokine. 

s 54. Procede selon la revendlcatlon 1 , dans lequel la protelne est le facteur de necrose des tumeurs (TNF) ou I'lnterleu- 
klne-3 (IL-3). 

55. Procede selon la revendicatlon 54, dans lequel la protelne est cholsle dans le groupe constitue du TNF-a et du 
TNF-p. 

10 

56. Procede pour preparer une proteine phosphorylable a partir d'une proteins par ailleurs non phosphorylable, com- 
prenant les etapes de : 

identification d'une sequence d'acides amines reconnaissable par une proteinekinase (ci-apres "PK") ; 
'5 definition et construction d'une sequence de nucleotides qui code pour labile sequence d'acidas amines recon- 

naissable par une PK ; 

determination d'une sequence de nucleotides codant pour ladlte proteine non phosphorylable ; 
construction d'une sequence de nucleotides modifi6e codant pour ladite prot6ine phosphorylable ; 
expression de ladlte sequence de nucleotides modlfl^e pour produlre ladlte protelne phosphorylable. 

20 

57. Procede selon la revendlcatlon 56, dans lequel ladite etape de construction de ladite sequence de nucleotides 
modifiee inclut la fixation de ladite sequence de nucleotides codant pour ladite sequence d'acides amines recon- 
naissable par une PK a ladite sequence de nucleotides codant pour ladite proteine non phosphorylable. 

25 58. Procede selon la revendication 56, dans lequel ladite etape de construction de ladite sequence de nucleotides 
moditioo inclut I'lntroduction dc ladito sequence do nucleotides codant pour ladite sequence d'acides amines recon- 
naissable par une PK dans ladite sequence de nucleotides codant pour ladite protelne non phosphorylable. 

59. Procede selon la revendlcatlon 56, dans lequel ladlte sequence d'acides amines reconnaissable par une PK, iden- 
30 tlfl^e dans ladlte etape d'Identificatlon, contient Ser. 

60. Procede selon la revendication 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK, iden- 
tifies dans ladlte etape d'Identificatlon, contient un acide amine choisi dans le groupe constitue de Ser, Thr ou Tyr. 

3S 61 . Procede selon la revendication 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK iden- 
tifies dans ladite etape d'Identificatlon est Arg-Arg-Ala-Ser-. 

62. Procede selon la revendication 56, dans lequel ladlte sequence d'acides amines reconnaissable par une PK iden- 
tifiee dans ladite etape d'Identificatlon contient Arg-Arg-Ala-Ser-Xaa, ou Xaa est choisi dans le groupe de tous les 

40 acldes amines. 

63. Proc6d6 selon la revendication 56, dans lequel la prot6lneklnase de ladlte 6tape d'Identificatlon est la proteinekinase 
dependant de I'AMPc. 

45 64. Procede selon la revendication 56, dans lequel ladite proteine phosphorylable est phosphorylee avec un marqueur 
radioactif. 



Revendications pour I'Etat contractant suivant : GR 

so 

1. Procede de preparation d'une proteine qui est modifiee pour comprendre une sequence d'acides amines recon- 
naissable par une proteinekinase, laquelle sequence d'acides amines est, en tant que partie de la protelne, phos- 
phorylable et n'etait pas presents, ou n'etalt pas disponlble pour la phosphorylation, dans la prot6lne non modlfi6e 

55 2. Procede selon la revendication 1 , dans laquelle ladlte modification est fournle par des techniques d'ADN recombi- 
nant. 



3. Procede selon la revendication 2, qui est une proteine fonctionnelle. 
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4. Precede selon la revendication 2, qui est une proteine semblable a un interferon choisie dans le groupe constitue 
d'une- proteine Hu-IFN-a semblable a un interferon et d'une proteine Hu-IFN-p semblable a un interferon. 

5. Procede selon la revendication 4, dans lequel la proteine est semblable a Hu-IFN-a. 

5 

6. Proc^d^ selon la revendication 4, dans lequel la proteine est semblable k Hu-IFN-p. 

7. Procede selon la revendication 4, dans lequel la proteine Hu-IFN-a semblable a un interferon est une proteine 
fusionnee Hu-IFN-aA/gamma. 

10 

8. Procede selon la revendication 7, dans lequel la proteine semblable a Hu-IFN-|3 a la sequence d'acides amines 
presentee schematiquement a la figure 3. 

9. Procede selon la revendication 7, dans lequel la proteine semblable a Hu-IFN-a est choisie dans le groupe des 
'5 trois sequences d'acides amines presentees a la figure 8 et identifiees comme aA-P1 , aA-P2 et aA-P3. 

1 0. Procede selon la revendication 7, dans lequel la proteine Hu-I FN-a semblable a un Interferon possede une propriete 
biologlque de Hu-IFN-a et/ou de Hu-IFN-gamma. 

20 11 . Procede selon la revendication 4, dans lequel la proteine semblable a Hu-IFN-a possede une propriete biologlque 
de Hu-IFN-a et/ou de Hu-IFN-p. 

12. Procede selon la revendication 4, dans lequel la proteine semblable a Hu-IFN-a ou semblable a Hu-IFN-Pcomprend 
une sequence consensus d'acides amines qui est reconnaissable par une proteinekinase. 

25 

13. Procede scion la revendication 12, dans lequel la proteine semblable a Hu-IFN-a comprend unc sequence con- 
sensus d'acides amines qui est un segment d'Insertion dans une proteine phosphorylable semblable a Hu-IFN-a. 

14. Proc6d6 selon la revendication 12, dans lequel la prot6ine semblable k Hu-IFN-a comprenant la sequence con- 
30 sensus d'acides amines reconnaissable par la proteinekinase est fusionnee k rextrSmit^ carboxyle de la sequence 

d'acides amines de Hu-IFN-a. 

15. Procede selon la revendication 12, dans lequel la proteine Hu-IFN-a semblable a un interferon contient au moins 
deux segments d'acides amines, un premier segment qui est la sequence d'acides amines de Hu-IFN-a naturel et 

3S un second segment d'acides amines qui contient la sequence consensus d'acides amines qui est reconnaissable 

par une proteinekinase, ce second segment pouvant etre incorpore dans le premier segment d'acides amines ou 

lie a celui-ci. 

16. Procede selon la revendication 5, dans lequel la proteine semblable a Hu-IFN-a est phosphotylee et contient un 
40 phosphate stable dans un serum. 

17. Proc6d6 sebn la revendication 5, dans lequel la prot6ine semblable k Hu-IFN-a, aprfes phosphorylation, est stable 
dans du serum humain. 

45 18. Procede selon la revendication 12, dans lequel la sequence consensus d'acides amines de la proteine semblable 
a Hu-IFN-a contient Ser. 

19. Procede selon la revendication 12, dans lequel la sequence consensus d'acides amines de la proteine semblable 
a Hu-IFN-a contient un acide amine choisi dans le groupe constitue de Ser, Thr ou Tyr. 

so 

20. Procede selon la revendication 1 2, dans lequel la sequence consensus d'acides amines de la proteine semblable 
a Hu-IFN-a est Arg-Arg-Ala-Ser-. 

21 . Procede selon la revendication 1 2, dans lequel la sequence consensus d'acides amines de la proteine semblable 
55 a Hu-IFN-a contient Arg-Arg-Ala-Ser-Xaa, ou Xaa est choisi dans le groupe de Gin, Val ou Leu. 



22. Procede selon la revendication 1 2, dans lequel la proteine est la proteine semblable a Hu-IFN-a et la proteinekinase 
est la proteinekinase dependante de I'AMPc. 
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23. Precede selon la revendication 4, comprenant en outre la purification de la proteine phosphorylable semblable a 
Hu-IFN-a, 

24. Precede selon la revendication 4, comprenant en outre la phosphorylation de la proteine semblable a Hu-IFN-a 
5 avec un marqueur radioactif. 

25. Proc6d6 selon la revendication 24, dans lequel le marqueur est un atome 6mettant des rayons bSta. 

26. Precede selon la revendication 25, dans lequel I'atome est choisi dans le groupeconstituedu phosphors etdusouf re. 

10 

27. Precede selon la revendication 26, dans lequel le marqueur radioactif est ^sp ou 33p. 

28. Precede de preparation d'une proteine semblable a Hu-IFN-a ou d'une proteine semblable a Hu-IFN-|3, la proteine 
phosphorylee etant definie dans I'une quelconque des revendications 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

IS 18, 19, 20, 21 ou 23, le precede comprenant I'etape de (a) introduction, dans une proteine qui n'est pas phospho- 

rylable, d'une sequence d'acides amines recennaissable par une proteinekinase pour la phosphorylation ou de (b) 
synthese de ladite proteine phosphorylable a partir de precurseurs d'acides amines. 

29. Proc^d^ de preparation de la proteine phosphorylable semblable k Hu-IFN-a ayant la sequence d'acides amines 
20 presentee a la figure 3 ou I'une des sequences d'acides amines identifiees comme oA-pl , aA-P2 et (iA-P3, pre- 
sentees a la figure 8, le procede comprenant I'etape de (a) introduction, dans une proteine qui n'est pas phospho- 
rylable, d'une sequence d'acides amines reconnaissable par une proteinekinase pour la phosphorylation ou de (b) 
synthese de ladite proteine phosphorylable a partir de precurseurs d'acides amines. 

25 30. Procede de preparation de la proteine phosphorylable semblable a Hu-IFN-P de la proteine phosphorylee definie 
dans la revendication 6, Ic proccdo comprenant rctapo de (a) introduction, dans uno proteine qui n'est pas phos- 
phorylable, d'une sequence d'acides amines reconnaissable par une proteinekinase pour la phosphorylation ou de 
(b) synthese de ladite proteine phosphorylable a partir de precurseurs d'acides amines. 

30 31 . Sequence d'ADN recombinant qui code pour une proteine modifi6e telle que d6flnie dans la revendication 1 . 

32. Sequence d'ADN recombinant selon la revendication 31 , qui contient une sequence d'ADN qui code pour une pro- 
teine fonctionnelle qui normalement n'est pas phosphorylable el une sequence d'ADN qui code pour la sequence 
consensus d'acides amines qui est reconnaissable par une proteinekinase et qui contient le site de marquage 

35 suppose, 

33. Sequence d'ADN recombinant selon la revendication 32, dans laquelle la proteine fonctionnelle est une proteine 
semblable a un interferon choisie dans le groupe constitue de Hu-IFN-a ou de HU-IFN-p. 

40 34. Sequence d'ADN recombinant selon la revendication 32, dans laquelle la seconde sequence de nucleotides a un 
codon qui est commun avec la premifere sequence de nucleotides. 

35. Sequence d'ADN recombinant, qui est choisie dans le groupe constitue des sequences d'ADN codant pour une 
proteine choisie dans le groupe constitue d'une proteine semblable a Hu-IFN-a ou d'une proteine semblable a 

45 Hu-IFN-p, cetle proteine ayant ete modifiee pour contenir une sequence consensus d'acides amines reconnaissable 

par une proteinekinase, comprenant un site phosphorylable suppose. 

36. Sequence d'ADN recombinant selon la revendication 35, qui code pour une proteine phosphorylable semblable a 
Hu-IFN-a. 

50 

37. Vecteur de clonage d'ADN recombinant utile pour exprimer une proteine fonctionnelle exogene, ce vecteur incluant 
la sequence d'ADN qui code pour une proteine semblable a Hu-IFN-a ou une proteine semblable a Hu-IFN-p, cette 
proteine ayant ete modifiee pour contenir une sequence consensus d'acides amines reconnaissable par une pro- 
teinekinase, comprenant un site de phosphorylation suppose, la proteine phosphorylable etant une proteine 

55 Hu-IFN-a semblable a un interferon ou une proteine Hu-IFN-p semblable a un interferon. 



38. Vecteur de clonage selon la revendication 37, dans lequel la proteine codee est la proteine Hu-IFN-a semblable a 
un interferon. 
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39. Vecteur de clonage selon la revendication 37, dans lequel la proteine codee est la proteine Hu-IFN-|3 semblable a 
un interferon. 

40. Vecteur de clonage selon la revendication 37, qui contient la sequence d'ADN codant pour una proteine fusionnee 
5 Hu-IFN-aA/gamma. 

41 . Vecteur de clonage selon la revendication 37, qui contient la s6quence d'ADN codant pour les interferons modifies 
denommes -P1 , -P2 et -P3 dans la figure 8, respectivement. 

10 42. Cellule hote transformee capable d'exprimer une proteine fonctionnelle, cette cellule hote contenant un vecteur 
d'ADN recombinant codant pour une proteine semblable a Hu-IFN-a ou une proteine semblable a Hu-IFN-p qui a 
ete modifiee pour contenir une sequence consensus d'acides amines reconnaissable par une proteinekinase. 

43. Precede de fabrication d'une composition biologiquement active, comprenant les etapes de melange d'un vehicule 
'5 biologiquement compatible et, d'une quantite biologique efficace, d'une proteine phosphorylee telle que definie dans 

rune quelconque des revendications 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 
26 ou 27. 

44. Proc^de selon la revendication 1 , dans lequel la proteine phosphorylable poss^de une propriety biologique de la 
20 proteine non phosphorylable. 

45. Procede selon la revendication 1 , dans lequel la proteine phosphorylable contient au moins deux segments d'acides 
amines, un premier segment qui est la sequence d'acides amines de la proteine non phosphorylable et un second 
segment d'acides amines qui contient la sequence d'acides amines reconnaissable par la proteinekinase, ce second 

25 segment pouvant etre incorpore dans le premier segment d'acides amines ou lie a celui-ci. 

46. Procede selon la revendication 1 , dans lequel la proteine phosphorylable est phosphorylee st contient un phosphate 
stable dans un serum. 

30 47. Proc6d6 selon la revendication 1 , dans lequel la proteine est un anticorps monoclonal phosphorylable. 

48. Procede selon la revendication 47, dans lequel I'anticorps monoclonal est un anticorps monoclonal chimerique, 
hybride ou modifie. 

3S 49. Procede selon la revendication 47, dans lequel I'anticorps monoclonal est specifique a une tumeur, 

50. Procede selon la revendication 47, dans lequel le site pour la phosphorylation est dans le fragment Fab ou Fab^ 
de celui-ci. 

40 51 . Procede selon I'une quelconque des revendications 47 a 50, comprenant en outre la phosphorylation de I'anticorps 
monoclonal. 

52. Procede selon I'une quelconque des revendications 47 a 51 , comprenant en outre le radiomarquage de I'anticorps 
monoclonal. 

45 

53. Procede selon la revendication 1 , dans lequel la proteine est une cytokine. 

54. Procede selon la revendication 1 , dans lequel la proteine est le facteur de necrose des tumeurs (TNF) ou I'interleu- 
kine-3 (IL-3). 

so 

55. Procede selon la revendication 54, dans lequel la proteine est choisie dans le groupe constitue du TNF-a et du 
TNF-p. 

56. Procede pour preparer une proteine phosphorylable a partir d'une proteine par ailleurs non phosphorylable, com- 
55 prenant les etapes de : 

identification d'une sequence d'acides amines reconnaissable par une proteinekinase (ci-apres "PK") ; 
definition et construction d'une sequence de nucleotides qui code pour ladite sequence d'acides amines recon- 
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naissable par une PK ; 

determination d'une sequence de nucleotides codant pour ladite proteine non phosphorylable ; 
construction d'une sequence de nucleotides modifiee codant pour ladite proteine phosphorylable ; 
expression de ladite sequence de nucleotides modifiee pour produire ladite proteine phosphorylable. 

5 

57. Proc^d^ selon la revendicatlon 56, dans lequel ladite 6tape de construction de ladite s^uence de nucleotides 
modifiee inclut la fixation de ladite sequence de nucleotides codant pour ladite sequence d'acides amines recon- 
naissable par une PK a ladite sequence de nucleotides codant pour ladite proteine non phosphorylable. 

10 58. Precede selon la revendicatlon 56, dans lequel ladite etape de construction de ladite sequence de nucleotides 
modifiee inclut I'introduction de ladite sequence de nucleotides codant pour ladite sequence d'acides amines recon- 
naissable par une PK dans ladite sequence de nucleotides codant pour ladite proteine non phosphorylable. 

59. Procede selon la revendicatlon 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK, iden- 
'5 tlflee dans ladite etape d'identification, contient Ser. 

60. Procede selon la revendicatlon 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK, iden- 
tlfl6e dans ladite 6tape d'identification, contient un aclde amln6 cholsl dans le groupe constltu6 de Ser, Thr ou Tyr. 

20 61 . Procede selon la revendicatlon 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK iden- 
tifies dans ladite etape d'identification est Arg-Arg-Ala-Ser- 

62. Procede selon la revendicatlon 56, dans lequel ladite sequence d'acides amines reconnaissable par une PK iden- 
tifies dans ladite etape d'identification contient Arg-Arg-Ala-Ser-Xaa, ou Xaa est choisi dans le groups ds tous Iss 

25 acides amines. 

63. Procede selon la revendicatlon 56, dans lequel la proteinekinase de ladite etape d'identification est la protelneklnase 
dependant de I'AMPc. 

30 64. Proc6d6 selon la revendicatlon 56, dans lequel ladite prot6lne phosphorylable est phosphoryl6e avec un marqueur 
radioactif. 
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